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PREFACE. 


The  Author  of  ibis  work  had  made  some  progress  in  the 
preparation  of  the  present  edition  before  the  illness  seized 
him  hj  which  he  was  removed  from  among  us.  Finding  the 
task  to  be  greater  than,  with  his  impaired  health,  he  could 
accomplish,  he  asked  me  to  relieve  him  of  it ;  and  I  accord- 
ingly undertook  to  prepare  this  re-issue.  My  labours,  how- 
ever, were  unfortunately  suspended  for  nearly  a  year  in 
consequence  of  a  fever  caught  among  the  volcanic  islands 
of  the  liparia  Hence  the  delay  in  the  appearance  of  the 
work.     ^ 

The  reader  will  observe,  on  comparing  the  present  with 
fonner  editions,  that  so  many  changes  have  been  made  that 
it  may  in  some  respects  be  regarded  as  a  new  book.  A  large 
mass  of  additional  material  has  been  added ;  but,  by  adopting 
a  different  mode  of  printing,  this  has  been  effected  without 
adding  to  the  bulk  of  the  volume. 

The  section  on  Mineralogy  (Chapters  IL  and  III)  has 

been  entirely  re-written  by  Dr.  Sullivan  at  Mr.  Jukes's  request. 

Chapters  IV.  and  V.  were  partly  revised  by  Mr.  Jukes  and 

partly  by  myself — my  share  consisting  in  adding  further 

information  to  the  descriptions  of  the  different  varieties  of 

rocks.    As  the  Author  had  completed  the  revision  of  this 

portion  of  the  Work  without  changing  the  classification 

formerly  adopted,  I  did  not  consider  myself  at  liberty  to  make 
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VI  PEEFACE. 

any  alteration  therein.  Chapters  VI.  to  XII.  were  revised  by 
the  Author  himselt  Chapter  XIII.  has  been  re-written  by 
ma  It  contains  a  new  classification  and  description  of  the 
Trap-rocks.  Chapters  XIV.  and  XV.  were  re-cast,  chiefly  by 
the  Author. 

A  novel  feature  in  this  Edition  is  the  insertion  of  a  new 
Part  on  Dynamical  Geology  (Part  II.) — a  portion  of  the 
science  which  is  not  usually  treated  fully  in  text-books.  In 
preparing  it  I  have  availed  myself  of  all  the  material  existing 
in  the  last  edition.  Nearly  the  whole  of  Chapter  XVI.  is 
thus  derived.  From  that  portion  of  the  book  onward  the 
material  is  chiefly  mine,  the  paragraphs  transferred  from  the 
previous  edition  being  specially  indicated  in  footnotes. 
Chapter  XIX.  is  chiefly  from  that  edition.  Mr.  Jukes  left  in 
manuscript  some  notes  on  Denudation ;  these,  where  they 
could  be  used,  I  have  inserted  as  quotations. 

Part  III.,  on  Palaeontology,  re-appears  with  little  alteration. 

In  the  revisicm  of  Part  IV.,  no  portion  of  which  had  been 
touched  by  Mr.  Jukes,  I  have  been  assisted  by  the  valued  aid 
of  my  coUeaguea  of  the  (Jeological  Survey.  Mr.  W.  H.  Baily, 
F.  G.S.,  has  revised  the  Palaeozoic  fossil-lists.  The  account 
of  the  Khaetic  beds  has  been  corrected  by  Mr.  H.  W.  Bristow, 
F.RS.,  who  has  likewise  made  some  changes  and  additions  in 
the  Oolitic,  Cretaceous,  and  Eocene  chapters.  The  description 
of  the  English  Coal-measures  has  been  revised  by  Mr.  K  Hull, 
F.RS.,  who  has  also  furnished  notes  for  the  improvement  of  the 
Permian  and  Trias  chapters.  Mr.  Whitaker  has  looked  over 
the  Cretaceous  and  older  Tertiary  pages.  The  account  of  the 
Jurassic  and  Cretaceous  locks  has  been  touched  up  by  Mr. 
Judd.  But  we  have  not  deemed  it  desirable  to  attempt  more 
in  this  part  of  the  book  than  to  correct  what  time  had 
shown  to  be  erroneous,  and  to  add  references  to  more  recent 
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researches.    The  last  two  chapters,  however,  I  found  it  neces- 
sary to  re-write. 

Professor  Huxley  has  furnished  a  new  Synopsis  of  the 
Animal  Kingdom,  which  appears  in  the  Appendix.  The 
Table  of  the  Vegetable  Kingdom  was  prepared  by  the  late 
Dr.  W.  K  Harvey  for  Mr.  Jukes. 

In  the  course  of  the  revision,  it  was  found  that  the 
section  on  the  "Life  of  the  Period,"  appended  to  the 
chapters  on  the  various  geological  formations  in  former 
editions,  involved  so  much  repetition  from  the  previously 
given  fossil-lists,  and  required  so  much  labour  to  re-cast 
them,  that^  after  some  progress  had  been  made  with  them,  it 
was  deemed  better  to  omit  them  altogether. 

Great  change  has  been  made  in  the  mode  of  printing 
adopted  for  the  present  edition.  In  the  first  place,  illustra- 
tive detail  has  been  thrown  into  smaller  type ;  and,  in  the 
Mineralogical  and  Petrographical  portions  of  the  volume, 
the  specific  descriptions  of  minerals  and  rocks  have  been 
similarly  printed.  At  the  same  time  a  copious  use  has  been 
made  of  bold  type  for  the  division  of  subjects  into  heads^  so 
that  the  student  may  rapidly  and  easily  follow  the  arrange- 
ment adopted. 

I  r^ard  it  as  one  of  the  essential  features  of  such  a 
Manual  as  the  present,  that  it  shaU  give  as  full  and  frequent 
reference  as  possible  to  the  authorities  where  the  subjects 
it  discusses  may  be  found  by  the  student  treated  in  detail 
Accordingly,  I  have  endeavoured  to  supply  this  feature ;  and 
I  trust  that  the  copious  footnotes  will  enable  the  student  to 
turn  at  once  to  the  memoirs  on  any  special  subject  which  he 
may  wish  to  investigate. 

I  am  well  aware  that  there  cannot  fail  to  be  omissions 
and  inaccuracies  in  the  following  pagecf,  and  I  shall  be  glad 
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to  receive  any  corrections  which  the  reader  may  note.  It 
has  been  a  labour  of  love  to  prepare  this  volume,  not  alone 
on  account  of  the  ties  of  friendship  which  bound  me  to  its 
lamented  Author,  but  because  his  work  has  always  appeared 
to  me  one  of  the  best  Manuals  in  our  language,  and  one  well 
deserving  of  every  effort  to  keep  it  abreast  of  the  onward 
march  of  science. 

AECH.  GEIKIE. 

October  1871. 


FEOM  PREFACE  TO  LAST  EDITION. 


Bt  the  liberality  of  the  publishers  I  have  been  enabled  to 
take  advantage  of  the  presence  of  Mr.  W.  H.  Baily  in  Dub- 
lin, who  compiled  for  me  lists  of  characteristic  fossils,  which, 
with  some  modifications,  are  those  given  in  the  third  part  of 
the  work.  Mr.  BaHy  also  drew  on  the  wood  the  figures 
which  make  the  fifty  **  fossil  groups "  by  which  that  part  is 
illustrated.  To  the  names  of  the  fossils  which  are  not 
figured  in  them,  I  have  appended  references  to  figures  in 
other  works,  choosing,  where  I  could,  the  most  popular  books, 
such  as  Lyell's  and  Phillips's  Manuals,  and  the  Tabular  View 
of  Characteristic  British  Fossils  published  by  the  Christian 
Knowledge  Society ;  but  where  no  figures  exist  in  such  works, 
I  have  referred  to  more  recondite  sources,  such  as  the  publi- 
cations of  the  Palseontographical  Society,  Sowerby^s  Mineral 
ConcJiologyy  Sir  R  I.  Murchison's  SUwridy  and  others.  Morris's 
Catalogue  of  British  Fossils  has  necessarily  been  my  chief 
guide  in  selecting  these  references  with  respect  to  all  post- 
SUurian  fossils,  the  catalogue  by  Morris  and  Salter  in  the  last 
edition  of  Siluria  taking  its  place  for  those  of  the  previous 
periods. 

I  am  indebted  to  my  colleague,  Mr.  G.  V.  Du  Noyer,  for 
some  sketches,  and  for  the  drawing  of  some  of  the  diagrams, 
but  most  of  the  latter  were  drawn  by  myself,  which  will  in 
great  measure  account  for  the  roughness  of  their  execution. 
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This  roughness,  however,  is  not  altogether  undesigned,  since 
I  wished  to  make  them  just  such  figures  as  a  lecturer  woxdd 
draw  on  his  black  board,  and  not  to  lead  the  student  to  be- 
lieve, from  any  care  discernible  in  the  drawings,  that  they 
were  intended  for  actual  representations  of  existing  objects. 
A  diagram  is  merely  a  condensed  explanation  addressed  to 
the  mind  through  the  eye,  instead  of  through  the  ear.  If  it 
is  intelligible,  and  assists  the  verbal  description,  it  answers  its 
purpose ;  it  is  a  mistake  to  endeavour  to  convert  it  into  a 
picture,  and  it  is  better  to  avoid  anything  calculated  to  mis- 
lead the  mind  into  the  supposition  that  it  would  have  been 
one  if  the  draughtsman  could  have  made  it  one. 
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CHAPTER  L 

INTBODUCTORT. 

It  is  not  easy  to  give  an  accurate  and  comprehensive  definition  of  the 
science  of  Geology ;  for  its  nature  is  so  complex  and  various,  that  it 
is  difficult  in  a  few  words  either  to  specify  its  object  or  to  assign  its 
limits. 

It  is,  indeed,  not  so  much  one  science,  as  the  application  of  aU  the 
physical  sciences  to  the  examination  and  description  of  the  structure  of 
the  earth,  the  investigation  of  the  agencies  concerned  in  the  production 
of  that  sbncture,  and  the  history  of  their  action. 

We  might,  perhaps,  without  impropriety,  say  that  all  the  physical 
sciences  are  included  under  two  great  heads — namely.  Astronomy  and  Geo- 
logy ;  the  one  comprehending  all  those  sciences  which  teach  us  the  consti- 
tution, the  motions,  the  relative  places,  and  the  mutual  action  of  the  Astra, 
or  heavenly  bodies  ;  while  the  other  singles  out  for  study  the  one  Astrum 
on  which  we  live — namely,  the  Earth.  Geology  would,  then,  include 
til  the  sciences  which  investigate  the  nature  and  the  distribution  both  of 
the  inorganic  matter  of  our  globe,  and  of  the  living  beings  that  inhabit  it. 
These  sciences  are — first,  that  of  Chemistry  and  Mineralogy  (which 
may  be  called  one),  which  teaches  us  what  are  the  elements  of  which 
terrestrial  matter  is  composed,  and  what  are  the  laws  which  govern 
the  combinations  of  those  elements  into  all  the  variety  of  known  sub- 
stances, solid,  fluid,  or  gaseous,  and  the  forms,  properties,  and  qualities 
of  those  snbstances  ;  secondly,  the  science  of  Meteorology  and  Physical 
Geography  (which  may  also  be  looked  on  as  one),  which  describes  to 
na  the  form  and  disposition  of  land,  water,  and  air,  and  the  distribution 
of  the  temperatures  and  motions  that  affect  them  ;  and  thirdly,  that  of 
Natural  History  (or  Biology,  the  science  of  life),  including  Botany  and 
Zoology  in  their  widest  signification.  The  sciences  commonly  in- 
claded  under  the  head  of  Physics,  those  which  teach  us  the  nature  and 
laws  of  magnetism,  electricity,  light,  heat,  force,  and  motion,  would  be 
eommon  ground  to  Geology  and  Astronomy,  serving  to  bind  together 
all  human  knowledge  of  matter  and  its  laws  into  one  great  whole. 

In  giving  this  high  place  to  G^logy,  I  have  no  desire  unduly  to 
exalt  it  at  the  expense  of  the  other  sciences.     My  object  is  to  show 
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that  this  large  view  of  Geology  is  not  only  a  trae,  but  a  necessary  one  ; 
and  that  if  we  do  not  sometimes  look  at  it  from  this  aspect^  we  6annot 
rightly  understand  what  Geology  is. 

That  it  is  true,  is  shown  by  the  very  fact -of  the  late  appearance  of 
Geology  in  the  world  of  science.  It  was  not  till  some  very  consider- 
able advances  had  been  made  in  all  the  physical  sciences,  that  Geology- 
could  begin  to  exist  in  any  worthy  form.  It  was  not  till  the  Chemist 
was  able  to  explain  to  us  the  true  nature  of  the  mineral  substances  of 
which  rocks  are  composed ;  nor  till  the  Geographer  and  the  Meteoro- 
logist had  explored  the  surface  of  the  earth,  and  taught  us  the  extent  and 
the  form  of  laud  and  water,  and  the  powers  of  winds,  currents,  rains, 
glaciers,  earthquakes,  and  volcanoes  ;  nor  till  the  Biologist  had  named, 
described,  and  classified  the  greater  part  of  existing  animals  and  plants, 
and  explained  to  us  the  laws  of  their  distribution ; — that  the  G^logist 
could,  with  any  chance  of  arriving  at  sure  and  definite  results,  commence 
his  researches  into  the  structure  and  composition  of  rocks,  and  the 
causes  that  produced  them,  or  utilise  his  discoveries  of  the  remains  of 
animals  and  plants  that  are  enclosed  in  them.  He  could  not  till  then 
discriminate  with  certainty  between  igneous  and  aqueous  rocks,  or  be- 
tween the  remains  of  living  and  of  extinct  animals,  and  was  therefore 
iinable  to  lay  down  any  one  of  the  foundations  on  which  his  own 
science  was  to  rest. 

Neither  would  it  be  satisfactory  if  we  were  to  limit  the  science  of 
Geology  to  any  special  period  of  the  earth^s  history ;  to  assign  to  it,  for  in- 
stance, all  time  previous  to  the  existence  of  the  human  race,  and,  uniting 
all  the  natural  sciences  under  it  up  to  that  point,  to  consider  it  to  be 
brought  to  an  end,  or  to  split  up  and  diverge  into  the  many  in- 
dependent sciences  that  concern  our  contemporaiy  existences.     For  not 
only  is  there  no  trace  of  any  hard  geological  boundary  line  between  the 
human  and  the  pre-human  period  of  the  earth's  natural  history ;  but 
there  appears  in  each  one  of  the  separate  natural  sciences  a  perfect 
continuity  from  the  remotest  geological  era  to  the  present  time.     The 
present  is  but  a  part  of  the  past     The  inorganic  objects  we  see  around 
us  are  the  result  of  processes  going  on  in  past  time,  such  as  are  still  at 
work  producing  the  same  results  ;  the  Hving  beings  around  us  are  either 
the  direct  descendants  of  those  that  lived  formerly,  or  their  substitutes 
and  representatives,  the  living  and  the  extinct  forming  parts  of  one 
great  connected  series  and  chain  of  si)ecie8,  genera,  and  orders,  each  of 
which  parts  would  be  incomplete  without  the  other.     There  is,  there- 
fore, no  possibility  of  making  any  such  division  in  Geology,  or  assign- 
ing any  limit  to  its  range  from  the  earliest  period  of  the  earth's 
ascertainable  history  to  the  present  moment 

Moreover,  as  there  is  no  natural  science  to  which  the  geologist  has 
not  to  appeal  for  information  upon  some  point  or  other  in  his  researches^ 
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60  there  is  none  which  can  he  folly  and  completely  studied  without  the 
help  of  the  geologist,  or  without  including  facts  or  theories  which  are 
commonly  and  rightly  reckoned  parts  of  his  peculiar  intellectual  do- 
main. If  he  has  to  call  upon  the  professors  of  each  one  of  the  physical 
sciences  in  turn,  for  assistance  in  his  own  investigations,  he  is  sure, 
sooner  or  later,  to  repay  the  obligation,  by  the  discovery  of  a  number 
of  facts  that  enlarge  ^e  boundaries  of  the  science  he  has  applied  to,  or 
by  the  statement  of  many  problems,  the  solution  of  which  throws  l%ht 
upon  parts  of  it  that  have  been  hitherto  imperfect  and  obscure. 

The  reader  must  not  infer  from  what  has  been  said,  that  in  order 
to  be  a  geologist,  he  must  be  thoroughly  acquainted  with  the  whole 
circle  of  the  physical  and  natural  sciences.  Such  universal  acquirement 
few  men  have  the  power  to  attain  to,  and  of  these  still  fewer  retain  the 
ability  and  the  will  to  make  original  advances  in  any  particular  branch. 

No  man,  however,  can  be  a  thorough  geologist  without  being  ac- 
quainted, to  some  extent,  with  the  general  results  of  other  sciences,  and 
being  able  both  to  understand  them  when  stated  in  plain  untechnical 
language,  and  to  appreciate  their  application  to  his  own  researches. 
Such  a  general  acquaintance  involves  neither  profound  study,  nor 
requires  any  great  power  of  mind  above  the  average  of  human  intellect. 
It  is,  indeed,  what  eveiy  well-educated  man  ought  to  possess. 

It  may  be  said  with  perfect  truth,  that  the  geologist  is  less  able 
than  any  other  student  of  science  to  pursue  his  Investigations  alone, 
and  independently  c^  the  assistance  of  others  ;  but  this  is,  in  fact,  only 
saying  in  other  words  that  which  I  am  insisting  on — namely,  that 
Geology  in  its  highest  and  widest  sense  embraces  all  the  physical  and 
natural  sciences,  and  is,  as  it  were,  made  up  of  them.  If,  however, 
this  wide  scope  be  properly  given  to  the  term  Geology,  and  it  be  made 
to  include  every  physical  science  that  treats  of  anything  belonging  to 
the  earth,  what,  it  may  be  asked,  is  the  special  business  to  which  the 
geologist  devotes  himself  as  distinct  from  Uie  follower  of  other  sciences  ? 
What  is  that  which  he  does,  and  the  others  do  not  ?  Above  all,  what 
is  that  which  he  teaches  to  the  rest  in  return  for  the  knowledge  com- 
municated to  him  ? 

The  answer  to  these  questions  will  show  us  that  there  is  another 
and  a  more  restricted  sense  of  the  word  Geology  than  the  wide  one  in 
which  we  have  been  using  it  This  sense  is  rather  the  one  formerly 
attached  to  the  word  Geognosy,  by  which  we  may  understand  the 
knowledge  of  the  nature  and  position  of  the  different  masses  of  mineral 
matter  of  which  different  districts  are  composed,  without  reference  to 
the  histoiy  of  their  production.  This  was  the  early  meaning  of  the 
word  Geology,  or  Gei^osy — ^namely,  the  examination  and  description 
of  the  different  varieties  of  rocks  and  the  minerals  they  contained. 
Geology  was   looked  upon  4s  a  geographical  mineralogy.     No   one, 
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indeed,  could  have  anticipated,  from  the  mere  study  of  masses  of  rock, 
where,  to  a  partial  view,  all  seems  confusion  and  irr^ilarity,  the  won- 
derful order  and  harmony  which  arise  from  more  extended  ohservation, 
and  the  almost  romantic  histoiy  which  becomes  at  length  unfolded  to 
our  perusaL  To  discover  the  records  on  which  this  history  is  founded, 
and  to  understand  their  meaning  aright,  long-continued  and  wide- 
spread observation  in  the  field,  and  patient  comparison  of  the  observed 
facts  in  the  closet,  are  absolutely  necessary. 

The  collection  and  co-ordination  of  these  facts  is  the  proper  and 
peculiar  business  of  the  Geognost.  The  ditch,  the  **  cutting,"  the 
quarry,  and  the  mine,  the  cliff,  the  gully,  the  mountain-side,  and  the 
river-bank,  are  his  "  Mvbjects^  which  he  has  to  examine  and  dissect. 
He  must  describe  the  minutiad  of  the  structures  they  expose,  and 
arrange  the  facts  they  may  afford,  depicting  their  lineaments  on  maps 
and  sections,  and  recording  them  in  written  descriptions.  The  business 
of  the  Geognost,  then,  is  to  make  out,  from  indications  observed  at  the 
surface  and  in  natural  and  artificial  excavations,  the  internal  structure, 
the  iolid  geometry,  of  district  after  district,  and  country  after  country, 
until  the  whole  earth  has  been  explored  and  described.  If,  while  so 
doing,  he  notes  all  those  facts  which  may  enable  him  or  others  to 
explain  how  that  structure  has  been  produced,  he  then  becomes  a 
Geologist. 

It  might  at  first  be  thought  that,  in  order  to  make  out  the  solid 
structure  of  the  land,  it  would  only  be  necessary  to  understand  the 
nature  of  the  mineral  matters  of  which  it  is  composed,  and  that  for  this 
purpose  no  knowledge  of  oiganic  or  living  beings  would  be  required. 
It  Lb,  however,  one  of  the  most  remarkable  results  of  geological  science, 
that  an  acquaintance  with  organic,  and  especially  with  animal  forms,  is 
at  least  as  necessary  for  a  geologist  as  a  knowledge  of  minerals,  and  that 
a  correct  knowledge  of  oiganic  remains  (that  is,  portions  of  fossil  plants 
and  animals)  is  in  some  cases  a  more  certain  guide  in  unravelling  the 
structure  of  complicated  districts  than  the  widest  acquaintance  with  in- 
organic substances. 

The  cause  of  this  necessity,  puzzling  enough  perhaps  at  first,  may 
be  briefly  stated  as  follows.  When  we  examine  the  structure  of  the 
crust  of  the  globe,  we  find  that  its  several  parts  have  been  produced  in 
succession,  that  it  consists  of  a  regular  series  of  sedimentary  deposits  (all 
called  by  geologists  roch\  formed  one  after  another  during  successive 
periods  of  great  but  unknown  duration.  Now,  the  mineral  substances 
produced  during  any  one  of  this  vast  succession  of  ages  do  not  appear 
to  have  had  any  essential  difference  from  those  formed  under  like  cir- 
cumstances at  another.  We  cannot,  therefore,  with  any  certainty  dis- 
cover the  order  of  time  in  which  the  series  of  rocks  was  formed,  or 
the  order  of  superposition  which  they  consequently  preserve,  from  an 
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examination  of  their  mineral  character  or  contents  only.  The  animals 
and  plants,  however,  living  at  one  period  of  the  earth's  history  were 
different  from  those  living  now,  and  different  from  those  living  at  other 
periods.  There  has  been  a  continuous  succession  of  different  races  of 
living  beings  on  the  earth,  following  each  other  in  a  certain  regular 
order,  and,  when  that  order  has  been  ascertained,  it  is  obvious  that  we 
can  at  once  assign  to  its  proper  period  of  production,  and  therefore  to 
its  proper  place  in  the  series  of  rocks,  any  portion  of  rock  we  may  meet 
with  containing  any  one,  or  even  any  recognisable  firagment  of  one,  of 
these  once  living  beings.  Just  as  when  we  find  under  the  foundation- 
stone  of  any  ancient  building  a  parcel  of  coins  of  any  particular  sove- 
reign, we  know  that  the  erection  of  that  building  took  place  during  his 
reign,  so  when  we  find  a  fragment  of  a  known  '^  fossil  **  in  any  piece  of 
rock,  we  feel  sure  that  that  rock  must  have  been  formed  during  the 
period  when  the  animal  or  plant  of  which  that  fossil  is  a  part  was 
living  on  the  globe,  and  could  not  have  been  formed  either  before  that 
species  came  into  existence,  or  after  it  became  extinct*  In  cases, 
therefore,  where  the  original  order  of  the  rocks  has  been  confused  by 
the  action  of  disturbing  forces,  or  where  the  rocks  themselves  axe  only  ex- 
posed to  view  at  wide  intervals,  their  periods  of  deposition  and  consequent 
succession  in  superposition  may  be  more  easily  and  certainly  ascertained 
by  the  detennination  of  their  fossil  contents  than  by  any  other  method. 
Practically,  it  has  been  found  that  while  a  very  slight  acquaintance 
with  the  most  ordinary  forms  of  some  ten  or  a  dozen  of  the  most  fre- 
quently occurring  minerals  is  all  that  a  geologist  must  inevitably  learn 
of  mineralogy,  the  number  of  fossil  animals  and  jdants,  with  the  forms 
and  the  names  of  which  he  will  have  to  make  himself  familiar,  will 
often  have  to  be  reckoned  by  hundreds.  This  branch  of  geological 
knowledge  is  now  known  under  the  name  of  Paleontology. 

Perhaps,  however,  the  tendency  of  late  years  has  been  to  neglect  to 
too  great  an  extent  the  bearing  of  mineralogical  knowledge  on  G^logy. 
There  are  many  subjects  on  which  we  have  still  to  ask  the  chemist  and 
mineralogist  to  enlighten  us.  One  deficiency  which  is  particularly 
obvious  in  Britain  is  the  want  of  a  good  nomenclature  of  rocks,  and 
especially  of  what  are  known  as  igneous  rocks.  Since  the  publications 
of  Jameson  and  Maculloch,  few  attempts  have  been  made  in  English  to 
supply  this  deficiency,  and  to  bring  up  our  lithological  nomenclature  to 
the  present  state  of  chemical  and  mineralogical  knowledge.  Many 
works  have  in  the  meanwhile  appeared  in  Qermany  and  in  France, 
which  have  treated  the  subject  of  rocks  more  or  less  satiaCactorily.  This 
branch  of  G^logy,  however,  is  still  in  a  very  unsatisfactory  state. 

*  Hie  Tery  rare  and  ezoeptional  cases  in  which  ancient  coins  may  have  been  deposited 
in  the  foondation  of  a  recent  building,  or  fossils  originally  in  one  rock  may  have  been 
washed  oat  of  it  and  buried  in  another,  need  not  more  than  a  passing  notice. 
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In  order  to  reduce  tlie  great  subject  of  Qeologj  to  something  like 
order,  it  appears  advisable  to  divide  it  into  four  heads,  for  which  we 
may  use  the  terms — 1,  Qeognosy ;  2,  Geological  Agencies ;  3,  Palseonto- 
logy ;  and  4,  Stratigraphy,  or  the  History  of  the  Formation  of  the  Series 
of  Stratified  Rocks.  This  will  enable  us  to  describe  separately  those 
general  facts  which  either  are,  or  may  be,  common  to  the  rocks  of  all 
ages,  and  those  general  laws  which  regulated  the  distribution  of  life  in 
all  epochs  of  the  world's  history,  and  leave  us  free  to  give  a  condensed 
statement  of  the  fourth  part  without  stopping  to  describe  special  instances 
of  general  facts. 

By  Qeognosy  I  would  understand,  then,  the  study  of  rocks  iode- 
pendently  of  their  arrangement  into  a  chronological  series,  and  I  would 
divide  it  into  two  parts — ^Lithology  and  Petrology.*  By  Lithology  t  I 
would  mean  the  study  of  the  mineralogical  composition,  the  structure, 
the  texture,  and  other  characters  of  rocks,  such  as  could  be  determined 
in  the  closet  by  the  aid  of  hand  specimens.  By  Petrology  I  would 
designate  the  study  of  rock-masses,  their  planes  of  division,  their  forms, 
their  positions  and  mutual  relations,  and  other  characters  that  can  only 
be  studied  in  '*  the  field,"  but  without  entering  on  the  question  of  the 
geological  time  of  their  production. 

In  the  second  division  fall  to  be  described  all  those  forces  by  which 
rocks  have  been  and  are  now  formed,  and  by  which  the  surface  of  the 
earth  is  modified. 

Under  the  head  of  Palaeontology  I  wish  to  give  the  heads  of  several 
great  questions  as  to  the  laws  which  have  governed  the  distribution  of 
life  both  in  space  and  in  time,  as  also  to  indicate  some  of  the  chief 
points  in  the  structure  of  the  more  important  extinct  races,  and  their 
relations  to  those  now  living.  I  shall  also  endeavour  to  point  out  the 
practical  bearings  of  this  subject,  both  scientific  and  economical. 

Having  thus  described,  under  separate  heads,  facts  and  generalisa- 
tions common  to  the  whole  subject,  as  well  as  structures  and  phenomena 
which  may  recur  during  eveiy  geological  period,  I  shall,  under  the  head 
of  "  History  of  the  Formation  of  the  Crust  of  the  Globe,**  give  a  con- 
densed abstract  of  that  history,  in  the  form  of  a  chronological  classifica- 
tion, mentioning  some  of  the  principal  and  typical  groups  of  rocks 
known  to  have  been  produced,  and  a  few  of  the  more  common  and  best 
marked  fossils  which  lived  on  different  parts  of  the  earth  during  each  of 
the  known  great  periods  of  its  existence. 

*  I  am,  of  course,  aware  that  these  words  have  no  great  difference  of  meaning,  bnt  after 
in  vain  endeavouring  to  think  of,  or  to  coin,  a  word  that  should  express  what  I  have  here 
designated  Petrology,  and  not  feeling  satisfied  with  words  like  Naumann's  **  Oeotektonik,** 
I  think  it  would  be  simpler  if  geologists  were  to  agree  to  take  "  lithos  "  to  signify  **  a  stone  ** 
that  could  be  handled,  and  "  petros  "  as  a  mass  of  rock,  than  for  us  to  invent  a  new  term. 

t  This  term  is  thus  synonymous  with  PttrograpKy,  which  is  the  word  in  xise  in  Gennany. 
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Section  L 
LITHOLOGY. 

CHAPTER  II. 

COMPOSITION  AND  FORM  OF  MINERALS. 

LiTHOLOGTy  or  the  Rtudy  of  the  mineral  structure  of  rocks,  is  based  on 
Mineralogy.  For  the  proper  understanding  of  Mineralogy,  some  know- 
ledge of  chemistry  is  essential  This  must  be  gained,  not  only  from 
the  study  of  books,  but  from  practice  in  the  laboratory. 

In  order  to  understand  Lithology,  however,  an  acquaintance  with 
the  whole  science  of  Mineralogy,  though  always  useful,  is  by  no  means 
necessary,  since  the  minerals  which  are  the  essential  constituents  of 
rocks  are  very  few  compared  with  the  whole  number  of  minerals. 
There  are  two  methods  of  studying  Mineralogy— one  giving  principal 
attention  to  the  chemical  composition  of  minerals,  the  other  laying 
most  stress  on  their  external  and  internal  characters  and  physical  pro- 
perties. 

The  full  details  of  the  science  of  mineralogy  must  be  sought  in  the 
works  specially  devoted  to  that  subject.  But  for  the  guidance  of  the 
geological  student,  a  general  outline  of  the  laws  of  mineralogy,  in  so  far 
as  the  science  bears  upon  his  studies,  is  given  in  the  following  pages. 
This  outline  has  been  prepared  by  Dr.  W.  K.  Sullivan,  and  is  divided 
into  three  parts — 1.  The  Laws  of  Composition,  under  which  the  chemical 
aspects  of  mineralogy  are  considered;  2.  The  Laws  of  Form,  under 
which  the  external  and  internal  characters  and  physical  properties  of 
minerals  are  treated  ;  and  3.  The  Composition  and  Properties  of  Kock- 
forming  minerals. 

The  meaning  commonly  ^ven  to  the  word  "  mineral "  is  vague.  It 
is  therefore  necessary  to  define  it  when  used  as  a  scientific  term. 

A  mineral  is  an  inorganic  body,  having  theoretically  a  definite 
chemical  composition,  and  usually  a  regular  geometric  form. 
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The  chemical  composition  and  the  geometric  form  are  both  pro- 
duced and  modified  under  the  influence  of  general  laws. 

1.  La.ws  of  Composition. 

Simple  and  Compound  Bodies, — Bodies  which  can  be  decomposed, 
or  resolved  into  two  or  more  bodies  having  different  properties,  are 
called  compound  bodies  ;  those  which  cannot  be  so  decomposed,  or 
resolved,  are  called  simple  or  elementary  bodies. 

Sixty-three  simple  bodies  are  known  at  present  to  enter  into  the 
composition  of  the  earth.  Many  of  them  have  been  shown  to  exist  in 
the  sun,  and  with  great  probability  in  the  stars  and  nebulae.  It  is  pro- 
bable that  the  heavenly  bodies  contain  many  other  simple  bodies  not 
yet  found  in  the  earth,  or  which  do  not  exist  in  it 

Combination  is  not  a  mere  mingling  of  two  or  more  bodies  produc- 
ing a  mixture  whose  properties  partake  of  those  of  its  constituents,  but  a 
union  yielding  a  new  body  more  or  less  different  from  either  of  its 
constituents,  and  the  formation  of  which  is  always  attended  with  the 
production  of  heat,  and  light  or  electricity. 

Chemical  Affinity. — The  special  kind  of  power  or  force  which  is 
manifested  in  chemical  changes,  and  which  is  considered  to  bring  the 
constituents  of  a  compound  together,  is  designated  chemical  affinity. 
When  two  substances  imite  together  with  great  energy,  and  give  off 
great  heat,  or  heat  and  light,  they  are  said  to  have  great  affinity  for 
each  other.  Bodies  which  differ  very  much  from  each  other  in  their 
chemical  properties  have  the  greatest  affinity ;  those  which  resemble 
each  other  may  combine,  but  the  force  which  binds  them  together  is 
small,  and  the  compound  when  formed  is  not  stable. 

A  great  many  of  the  simple  bodies  possess  certain  properties  in 
common,  such  as  the  power  of  conducting  heat  and  electricity,  and  that 
kind  of  lustre  which  we  find  in  a  marked  degree  in  gold,  silver,  copper, 
and  other  common  metals.  Hence  these  bodies  are  called  metals  or 
metallic  bodies.  Those  which  have  not  those  properties  are  called  non- 
metallic  bodies.     The  metah  form  very  feeble  compounds  with  each 

*  For  det&ned  infonnation  on  general  mineralogy  the  student  may  refer  to  the  Manuals 
of  Dana,  Brooke  and  Miller,  Nicol,  Phillips,  Naumann,  etc.  Bristow's  Gtoatary  of  Mint- 
ralogy  1>  *  useftil  little  book.  For  British  minerals  the  Manual  of  Or^  and  Lettsom  should 
be  consulted.  Chemical  mineralogy  is  treated  of  in  Gmelin's  Handhook^  translated  by  the 
CaTondish  Society ;  see  also  BischofTs  ChtmicaX  Otology.  Blowpipe  analysis  is  best  described 
inPlattner's  Probirkwui  mU  dent  IStkroKrt,  4th  edit.  1865 ;  and  in  F.  von  Robell's  Tc^eln, 
8th  edit.  1864.  Much  useftd  information  r^arding  the  minerals  which  form  essential  or 
important  ingredients  in  rocks  will  be  found  in  Ziikel's  Ltikrbiwk  der  PttrograpkU,  1806 ; 
Benft's  ClautJUxUum  <Ur  FeUarten,  1867,  also  his  Kryttdllini$chen  FeUgemengtheiU,  1868 ; 
Naumann's  Ltkrbuck  der  QtognotU,  vol  i. ;  Cotta's  (lefteiiuIeAre,  translated  into  English  1^ 
P.  H.  Laurence,  1866. 
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other,  so  feeble  that  they  are  almost  like  mixtures.  Such  compounds 
are  termed  alloys.  When  one  of  the  metals  is  mercury,  they  are  called 
^TOftlgftiniL  The  non-metallic  bodies  combine  with  great  eneigy,  both 
with  the  metals  and  with  one  another.  The  compounds  formed  by  the 
non-metallic  bodies  with  one  another  give  rise  to  the  class  of  substances 
we  term  adds  ;  the  union  of  some  non-metallic  bodies  with  metals  gives 
rise  to  a  class  of  compounds  called  bases.  Among  the  non-metallic 
bodies  chlorine  exhibits  the  greatest  amount  of  active  energy,  hence 
the  non-metallic  bodies  are  sometimes  called  chlorous  bodies,  and  the 
metals  basylous. 

Atoms. — ^The  smallest  indivisible  quantity  of  a  simple  body  which 
can  act  in  a  chemical  change  is  called  an  atom  (&ro/Mi).  The  atomic 
theory  supposes  that  there  is  a  limit  to  the  possible  division  of  matter 
— that  is,  that  the  matter  of  the  imiverse  is  constituted  of  exceedingly 
small  particles,  impenetrable  and  indivisible,  of  the  same  size  but  of 
different  weights.  The  term  may  be,  and  now  indeed  is,  used  generally, 
without  any  reference  to  the  atomic  theory,  and  in  a  mere  abstract 

MoUcuUs, — ^The  smallest  particle  of  a  simple  body  that  can  exist 
isolated,  or  in  a  free  state,  is  called  its  molecule.  The  molecules  of  the 
simple  bodies  are  generally  formed  of  two  atoms  ;  a  few  contain  four 
atoms,  or  more.  In  some  cases  the  molecule  appears  to  be  indivisible, 
so  that  we  may  consider  the  atom  and  molecule  to  be  identical.  An 
element  may  have  two  or  even  more  distinct  molecules,  e^.  oxygen 
and  sulphur.  In  such  cases  the  properties  of  the  body  change 
when  the  molecules  are  different.  The  term  allotropism  is  given 
to  this  phenomenon,  and  will  be  specially  noticed  in  connection 
with  the  laws  of  form.  The  molecule  of  a  compound  is  the  smallest 
particle  which  can  exist  isolated,  without  decomposition  into  its  con- 
stituents. 

Radicles, — ^Two  or  more  atoms  combined  together  are  capable  of 
performing  the  functions  of  simple  bodies.  Such  groups  of  atoms  are 
called  compound  radicles — the  term  simple  radicle  being  applied 
to  simple  bodies.  Compound  radicles  may  be  best  described  as  groups 
of  atoms  which  remain  together  through  a  series  of  chemical  transforma- 
tions. We  may  assume  a  compound  radicle  to  exist  in  a  series  of  bodies, 
although  the  radicle  may  be  incapable  of  forming  a  free  molecule — that 
is,  of  existing  in  an  isolated  state.  The  word  atom  is  also  applied 
to  radicles.  Radicle  comes  from  radicular  a  diminutive  of  radix;  the 
name  therefore  implies  that  it  is  the  nucleus  or  root  of  a  series  of 
compounds. 

Definition  ofCkendatry. — All  changes  which  affect  only  the  motions, 
distances,  or  positions  of  the  molecules  of  a  body  towards  each  other, 
may  be  described  as  physical,  such  as  the  expansion  and  fusion  of 
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bodies  by  heat,  the  magnetising  of  iron,  etc  All  changes  which  afiect 
the  atomic  constitutions  of  bodies  are  chemical 

Chemical  Changts, — ^The  chemical  changes  which  take  place  in  bodies 
may  be  conveniehtly  classed  in  three  categories : — 

L  Those  affecting  the  molecules  of  simple  bodies,  or  allotropie 
changes. 

1.  Re^irrangement  of  the  atoms  of  two  or  more  molecules  of  simple 
bodies  into  more  condensed  molecules,  such  as  the  union  of  three  two- 
atomed  molecules  of  sulphur  to  form  one  six-atomed  molecule. 

2.  The  converse  of  the  preceding,  or  the  resolution  of  condensed 
molecules  into  simpler  ones. 

3.  A  molecule  may  also  be  altered,  without  aiiy  change  in  the 
number  of  atoms,  by  a  mere  modification  of  position  of  the  atoms  within 
the  molecule. 

IL  Changes  produced  by  heat,  etc.,*on  the  molecules  of  compound 
bodies. 

1.  The  re-arrangement  of  the  atoms  of  a  compound  body  so  as  to 
change  the  nature  of  the  compound  radicles,  as  in  the  conversion  of 
cyanate  of  ammonium  into  urea ;  or  merely  to  produce  more  condensed 
molecules,  such  as  the  action  of  heat  upon  chromic  oxide,  etc. 

2.  The  union  of  two  or  more  molecules  of  a  body  to  produce  a 
more  condensed  or  comjilex  molecule,  with  the  separation  of  one  or 
more  simpler  molecules,  such  as  the  union  of  two  or  more  molecules  of 
silicic  acid  to  form  a  condensed  aci4>  and  the  separation  of  molecules  of 
water. 

3.  By  the  resolution  of  the  molecules  of  a  compound  body  into 
new  molecules  of  different  kinds,  such  as  the  conversion  of  wood  into 
coal,  gas,  petroleum,  etc 

III.  Action  of  different  kinds  of  molecules  upon  each  other,  or  ordi- 
nary chemical  changes. 

1.  The  direct  union  of  two  or  more  different  molecules,  such  as  tlie 
combination  of  water  with  minerals  to  form  hydrated  minerals. 

2.  The  replacement  in  a  compound  molecule  of  one  or  more  simple 
or  compound  atoms  by  one  or  more  simple  or  compound  atoms  of  a 
different  kind,  or  what  is  called  double  decomposition,  such  as  the 
action  of  acids  upon  bases,  or  of  salts  upon  one  another.  The  greateat 
number  of  chemical  changes  occurring  in  minerals  belong  to  tliia 
cat^ory. 

Proportional  Numher$  or  Atomic  Weights, — The  smallest  relative 
proportion  by  weight  of  a  simple  body,  compared  with  a  unit  weight  of 
hydrogen,  which  can  take  part  in  any  chemical  reaction,  is  called  its 
proportional  number  ;  and  as  the  smallest  abstract  particles  which  are 
supposed  to  act  in  chemical  changes  are  called  atoms,  these  numbers, 
or,  in  some  cases,  simple  multiples  of  them,  are  properly  designated 
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atomic  weights,  or  the  relative  weights  of  the  atoms,  compared  with 
that  of  the  atom  of  hydrogen  taken  as  unity.  These  numhers  also 
represent,  with  few  exceptions:  1.  The  relative  weights  of  equal 
volumes  of  the  gas  or  vapour,  of  such  of  them  as  either  naturally 
exist  as  gases,  or  may  be  converted  into  gases,  compared,  at  equal  tem- 
peratures and  under  equal  pressures,  with  a  unit  weight  of  hydrogen 
under  like  conditions.  2.  And  quantities  of  those  simple  bodies  that 
occur  in  the  solid  state,  which  contain  as  much  heat  as  seven  parts  of 
the  metal  lithium.  As  seven  is  the  atomic  weight  of  lithium,  it  fol- 
lows that  the  atoms  of  all  the  simple  bodies  that  occur  in  the  soHd 
state  have  the  same  specific  heat 

The  atomic  weight  of  the  atom  of  a  compound  radicle  is  equal  to 
the  sum  of  the  weights  of  its  constituent  atoms. 

MoUeuUtr  Weight — ^The  relative  weight  of  any  molecule,  compared 
to  that  of  hydrogen,  is  called  its  molecular  weight,  and  is  always  equal 
to  the  sum  of  the  atomic  weights  of  its  constituent  atoms.  With  very 
few  exceptions,  if  indeed  there  be  any  real  ones,  the  volumes  of  all 
molecules  in  the  state  of  gas,  at  the  same  temperature  and  under  equal 
pressures,  are  equaL 

Quantivalence  of  Simple  Bodies, — ^The  atomic  weights  do  not  always 
represent  the  relative  quantities  which  perform  the  same  work  or  func- 
tion ;  that  is,  the  atoms  of  the  elementary  bodies  have  not  equal  value 
in  a  chemical  reaction ;  that  is,  they  are  not  equivalent  to  each  other. 
Thus  an  atom  of  sodium  is  equivalent  to  one  of  hydrogen,  but  one  of 
calcium  has  twice  the  value  of  either.  It  is  found,  however,  that  if  the 
atom  of  hydrogen  be  taken  as  the  standard  of  equivalent  value,  that  of 
each  of  the  other  simple  bodies  is  either  equal  to  that  of  hydrogen,  or  a 
simple  multiple  of  it — as  twice,  three  times,  etc.  To  express  this  differ- 
ence in  equivalency,  hydrogen,  and  the  bodies  which  are  equal  to  it  in 
equivalency,  are  termed  monads ;  those  whose  atoms  possess  the  value  of 
two,  three,  etc,  of  hydrogen,  diads,  triads,  tetrads,  pentads,  hexads.  If 
in  a  chemical  reaction  a  diad  body  takes  the  place  of  a  monad,  one  diad 
atom  displaces  two  monad  atoms  ;  in  the  same  way  two  triad  atoms 
take  the  place  of  three  diad  atoms,  of  six  monad  atoms,  or  of  one  hexad 
atom,  'nie  term  atomicity  is  sometimes  employed  to  express  this 
quality  of  atoms,  and  monads  are  called  monatoraic  bodies ;  diads,  dia- 
tomic, etc  ;  the  word  polyatomic  being  used  as  a  general  term  for  all 
whose  atomicity  is  greater  than  one.  The  words  monatomic,  diatomic, 
etc^  are,  however,  also  used  to  express  the  number  of  atoms  in  a  mole- 
cule ;  thus  the  molecule  of  mercury  is  said  to  be  monatomic,  of  hydrogen 
diatomic,  of  ozone  or  allotropic  oxygen  triatomic,  and  so  on.  As  this 
doable, use  of  the  same  word  leads  to  confusion,  it  is  desirable  to  con- 
fine the  word  atomic  to  the  second  and  more  correct  use  of  it  The 
word  equivalency  is  however  also  open  to  objection,  because  bodies  can 
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only  be  said  to  be  equivalent  when  they  are  of  equal  value.  To  obviate 
this  objection,  it  has  been  proposed  to  coin  the  word  quantivalence  for 
the  general  quality,  and  express  the  special  powers  of  monads  by  mom- 
valence,  of  diads  by  divalence,  etc  An  atom  of  a  monad  is  therefore 
said  to  be  monivalent ;  that  of  a  diad,  divalent,  etc  This  nomenclature, 
if  generally  adopted,  would  be  satisfeMstory.  The  atoms  of  compound 
radicles  are  also  spoken  of  as  monads,  diads,  etc 

Notation,  Syni)oU,  FonnnlcBy  Equatumt, — Instead  of  writing  out  the 
names  of  simple  bodies  in  fiill,  it  is  very  convenient  to  represent  them 
by  symbols.  These  symbols  are  the  initial  letters  of  their  Latin  namea 
When  two  or  more  bodies  have  the  same  initial  letter  in  their  names, 
the  more  important  body  has  the  initial  letter  only  as  symbol,  the 
others  take  the  second  letter  in  addition  to  the  initial  letter.  If  among 
the  simple  bodies  having  the  same  initial  letter  there  be  a  non-metallic 
body,  it  gets  the  distinction  of  the  single  letter.  If  there  be  more  than 
one  non-metallic  body,  or  if  they  are  all  metals,  then  the  body  longest 
known,  or  which  is  most  abundant  in  nature,  gets  the  single  letter  for 
symbol  Thus  oxygen  and  osmium  are  the  only  substances  having  0 
as  the  initial  letter  of  their  name.  The  symbol  of  the  non-metallic 
oxygen  is  therefore  0,  and  that  of  osmium  Os.  Again,  S  is  the  initial 
letter  of  sulphur,  selenium,  silicon,  three  non-metallic  elements ;  and  of 
strontium,  tin  (stanniim),  and  antimony  (stibium),  three  metals.  Sulphur 
is  accordingly  represented  by  S ;  all  the  others  by  a  second  letter.  In 
the  names  of  tin  and  antimony  the  two  first  letters  are  the  same,  and  as 
tin  is  the  longest  known  its  symbol  is  St,  while  antimony  takes  Sb. 

Symbols  always  denote  atoms,  and  consequently  definite  proportions 
by  weight  of  the  bodies  they  represent  Thus  0  represents  16  parts  of 
oxygen,  and  Si  28  parts  of  silicon. 

Compound  bodies  are  represented  by  putting  the  symbols  of  the 
constituent  atoms  in  juxtaposition.  Such  groups  of  symbols  are  called 
formulce.  Thus  common  salt  is  represented  by  the  formula  NaCl.  A 
symbol  always  represents  an  atom,  a  formula  a  molecule,  except  ib  the 
case  of  compound  radicles.  There  is  now,  however,  a  tendency  to 
represent  the  more  important  compound  radicles  by  special  symbols, 
and  allow  of  the  rule  being  made  general  that  formuke  represent  mole- 
cules. The  molecules  of  compounds  frequently  contain  more  than  one 
atom  of  one  or  more  of  the  constituent  elements  ;  this  is  expressed  by 
putting  a  coefficient  indicating  the  number  of  atoms  after  the  symbol 
or  symbols.  Thus  fluor-spar,  p3rrites,  magnetite,  and  calcite,  are  repre- 
sented by  the  following  formulas  :  CaF„  FeS^  Fe/)4,  CaCX),. 

As  the  quantivalence  of  atoms  governs  all  their  reactions,  and  the 
character  of  the  compounds  which  they  form,  it  is  very  useful  jto  indi- 
cate its  value  in  the  case  of  the  different  kinds  of  atoms.  This  is  done 
by  putting  accents  above,  to  the  right  hand  of  the  symbol ;  thus,  Na', 
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Ca",  Bo%  Si'''\  indicate  that  Bodiom  is  a  monad,  calcium  a  diad,  boron 
a  triad,  and  silicon  a  tetrad  body.  In  order  to  avoid  the  difficulty 
which  the  eye  would  experience  in  determining  a  great  number  of 
accents,  the  quantivalence  of  tetrad  and  higher  bodies  is  usually  indicated 
by  Roman  numerals,  thus:  Si*%  P^. 

Trivalent  and  higher  atoms  need  not  necessarily  act  with  their  full 
qoantivalence.  Thus  a  trivalent  atom  can  act  as  a  monad,  a  pentivalent 
atom  may  act  as  a  trivalent  and  as  a  monivalent  atom.  A  hezad 
atom  may  act  as  a  tetrad  and  as  a  diad  atom.  The  rule  being  that 
perissads,  or  bodies  whose  quantivalence  is  odd,  always  act  as  peris- 
sads ;  and  artiads,  or  bodies  whose  quantivalence  is  even,  as  artiads. 
That  is,  when  an  atom  exhibits  several  degrees  of  quantivalence, 
these  d^irees  differ  by  two  or  four.  Thus  gold  is  trivalent  as  Au''"Clg, 
or  auric  terchloride  or  terchloride  of  gold,  but  it  is  monivalent  in  AuCl, 
in  aurous  chloride  or  protochloride  of  gold.  Dr.  Frankland  uses  the 
word  bond  to  express  the  power  of  combination  of  an  atom.  A  monad 
has  one  bond,  a  diad  two,  and  so  on,  an  atom  having  as  many  bonds  as 
degrees  of  quantivalence.  In  compound  bodies  the  atoms  are  held  together 
by  the  mutual  action  of  these  bonds.  A  pair  or  two  pairs  of  bonds  in 
an  atom  may  mutually  neutralise  each  other  ;  they  are  then  said  to  be 
latent,  the  bonds  that  act  in  combinations  are  said  to  be  active.  Thus 
a  hexad  atom  of  iron  may  have  two  pairs  of  its  bonds  latent  and  two 
active.  In  this  case  it  acts  as  a  diad.  According  to  this  view,  in  the 
aureus  chloride,  Au'd  above  mentioned,  two  of  the  bonds  of  the  gold 
mutually  satisfy  each  other.  When  all  the  bonds  of  an  atom  are  actively 
engaged  with  other  atoms,  it  is  said  to  be  saturated,  and  can  form  no 
higher  compound.  When  only  some  of  the  bonds  are  active,  the  atom  is 
not  saturated,  and  is  capable  of  entering  into  further  combinations.  In 
the  atoms  of  every  molecule  all  the  bonds  are  satisfied  either  by  dif- 
ferent atoms  or  by  mutual  neutralisation.  The  stability  of  a  molecule 
depends  upon  the  conditions  under  which  the  equilibrium  of  its  atoms 
is  atfiained. 

Two  atoms  of  a  polivalent  body  may  combine  with  each  other  to 
form  a  compound  atom,  which  acts  exactly  like  a  simple  atom  in  com- 
binations. Copper,  although  included  among  hexad  bodies  in  the  list 
of  simple  bodies  at  p.  18,  in  order  not  to  separate  it  from  the  bodies 
with  which  it  is  most  related,  acts  as  a  diad  body  in  the  most  im- 
portant series  of  compounds  which  it  forms.  But  it  also  forms  another 
series  of  quasi-monad  compounds,  in  which  two  atoms  of  copper  are 
assumed  to  be  united  together  by  two  bonds,  leaving  the  remaining  two 
to  combine  with  other  atoms.  In  this  way  we  get  two  oxides  of  copper, 
Cu"0,  cupric  oxide,  and  CU|0,  cuprous  oxide  or  sub-oxide  of  copper. 
To  distinguish  the  metal  in  the  two  states,  the  term  Cuprum  is  given  to 
the  metal  in  the  cupric  compounds,  and  Cuprosum  to  the  metal  in  the 
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cuprous  compounds.      The  following  graphic  formulss  will  render  the 
constitution  of  this  class  of  bodies  more  intelligible : — 

(Cu) (Cu)        (cu) (Cu)        (cu)lll(  O  j         (Ctt) (Cu^ 

T    T    "         "v 

© 

Ifolecale  of  Double  atom  Molecule  of  Ifoleenle  of 

Cuprum.  of  Copper,  or  Cnpric  Oxide,  Cuprous  Oxide, 

Cuproflum.  or  Melaoonite.  at  Red  Copper. 

Those  who  consider  aluminium  to  be  a  tetrad  assume  that  there  is  a 
similar  hexadic  double  atom  in  all  aluminic  compounds,  so  that  each 
atom  acts  as  a  quasi-triad  atom.  In  the  ferric  salts  of  iron  we  also 
assume  the  existence  of  a  similar  double  atom.  As  the  compounds  of 
aluminium  and  iron  are  of  the  greatest  importance  in  Qeology,  it  is 
desirable  to  explain  the  usually  assumed  constitution  of  the  aluminic  and 
ferric  compounds.  Iron  is  included  among  the  hexads  on  account  of 
one  or  two  unimportant  compounds.  Its  principal  compounds  belong  to 
two  series,  one  in  which  the  metal  is  a  diad  :  to  this  series  belong  the 
green  salts  of  iron,  such  as  ferrous  silicates,  which  give,  with  few  excep- 
tions, the  various  shades  of  green  and  black  to  mineral  silicates.  To 
the  other  belong  the  red  salts  of  iron,  such  as  the  silicates  which  colour 
rocks  red.  In  these  red  salts  the  iron  is  supposed  to  consist  of  two 
tetrad  atoms  rivetted  together  so  as  to  form  a  double  hexad  atom, 
each  single  atom  acting  as  a  quasi-triad  atom.  As  in  the  case  of  the 
two  series  of  copper  compounds,  the  metal  in  the  green  salts  is  sometimes 
called  Ferrosum,  and  that  in  the  red  salts,  Ferricum.  Some  chemists 
look  upon  aluminium  as  a  triad  metal,  an  opinion  which  is  sup- 
ported by  the  composition  of  certain  artificial  aluminic  compounds.  If 
aluminium  be  a  triad,  it  is  difficult  to  see  why  nearly  all  its  compounds 
should  be  so  like  ferric  and  chromic  compounds,  which  are  certainly  not 
triads.  Some  again  look  upon  aluminium  as  a  hexad,  with  an  atomic 
weight  of  55,  or  double  that  given  in  the  table.  This  is  not  the  place 
to  discuss  the  relative  merits  of  these  different  views^  because,  whether 
aluminium  be  a  triad,  a  tetrad,  or  a  hexad,  the  least  indivisible  quantity 
of  that  metal  which  appears  to  exist  in  mineral  molecules,  appears  to  be 
55,  which  may  be  represented  as  Al,''',  made  up  of  two  triad  atoms,  or 
of  two  tetrad  atoms  rivetted  together,  with  the  loss  of  one-fourth  of  ^eir 
quantivalence,  or  as  a  single  indivisible  hexad  atom,  represented  by  the 
symbol  AIl^.  The  analogy  between  aluminic  and  chromic  and  fenic 
compounds,  speaks  very  strongly  in  favour  of  the  tetrad  character  of 
aluminium.    The  following  graphic  formulae,  taken  from  Dr.  Frankland's 
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lAchtre  NoteSy  will  help  to  make  the  tetiad  character  of  the  double 
atoms  more  intelligible  : — 


G)  G) 


(l)-G)-{^-G)     ©-M-(^)=W 


Moleeole  of  Ferric  Oxide,  or  Red  Molecule  of  Aluminic  Oxide  or  Alnmina, 

Htematite.  forming  the  mineral  Corondnm. 

The  graphic  formnla,  Tepresenting  FesO„  shows  how  two  molecules 
of  ferrous  oxide,  FeO  -could  become  rivetted  together  by  an  atom  of 
oxygen  into  a  molecule  of  ferric  oxide. 

Some  chemists  make  considerable  use  of  graphic  formulse.  They  are 
very  useful  when  cautiously  used,  but  there  is  always  great  danger  of 
producing  erroneous  ideas  on  the  mind  when  they  are  used  too  fre- 
quently, or  otherwise  than  as  mere  explanatory  illustrations. 

One  of  the  chief  uses  of  symbols  and  formulse  is  to  express  shortly 
and  clearly  the  various  chemical  changes  which  take  place  by  the  action 
of  heat  and  other  forces  upon  molecules,  or  of  molecules  upon  each 
other.  The  arrangement  of  formidoB,  to  express  a  chemical  change,  is 
called  an  equation.  On  one  side  are  the  formulae  which  represent  the 
molecules  before  the  change  ;  and  on  the  other  those  of  the  molecules 
after  the  change.  Thus,  when  calcic  carbonate,  or  carbonate  of  lime,  is 
heated  in  a  limekiln,  the  change  may  be  represented  by  the  following 
equation : — 

Ca'CO,  =  Ca'C  +  CX),. 

Or,  when  ferrous  carbonate  or  spathic  iron  is  converted,  under  the  in- 
fluence of  air  and  water^  into  brown  hematite,  we  may  express  the 
change  thus : — 

4FcC0,      +    0,     +    8H,0    a=    Fe/HjOj     +      400,. 

Spathic  iron.     Oxygen.       Water.  Brown         Carbanhydride,  or 

or  ChalyUte.  Haematite.         Carbonic  Add. 

In  the  first  example,  only  one  molecule  undergoes  change  ;  in  the 
second,  four  molecules  of  chalybite  or  natural  ferrous  carbonate,  one  of 
oxygen,  and  three  of  water,  take  part  in  the  reaction.  The  number  of 
molecules  of  a  body  engaged  in  a  reaction  is  indicated,  as  in  the  second 
example,  by  a  large  figure  placed  before  the  formula  of  the  body.  The 
ooefBdents  always  represent  atoms,  the  large  figures  molecules.  Every 
chemical  change  should,  if  practicable,  be  expressed  by  an  equation,  for 
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it  is  then  only  that  we  can  have  an  accurate  notion  of  the  changes 
which  take  place  in  the  reaction. 

Every  formnla  expresses  :  1.  The  nature  of  the  atoms  forming  the 
molecule  ;  2.  The  relative  proportion  of  the  constituent  bodies  or  radicles ; 
but  to  fully  deserve  the  name  of  a  formula,  it  should  also  express  the 
actual  number  of  atoms  in  the  molecule,  or,  to  speak  more  correctly,  the 
relative  number  compared  to  the  molecule  of  water  or  of  hydrogen.  It 
is,  indeed,  only  when  we  know  this,  that  a  formula  can  be  said  to 
really  represent  a  molecule  of  a  body.  The  molecular  formulsd  of  a 
great  mauy  volatile  bodies  of  definite  composition  have  been  determined. 
As  all  molecules  in  the  gaseous  state  occupy  the  same  space,  and  aa  a 
molecule  of  hydrogen  is  assumed  to  occupy  two  volumes,  we  have  only 
to  determine  the  weight  of  two  volumes  of  the  vapour  of  the  body 
whose  formula  we  seek,  as  compared  to  two  of  hydrogen  under  the 
same  circumstances  as  to  temperature  and  pressure,  in  order  to  get  the 
molecular  weight,  that  is  the  sum  of  the  weights  of  all  the  atoms  in  the 
molecule.  When  a  body  is  not  volatile,  we  can  only  determine  the 
formula — that  is,  the  molecule — ^by  analogy  with  other  bodies  of  analo- 
gous composition  which  are  volatile.  The  formuloB  of  many  mineralR, 
especially  of  the  Silicates,  express  only  the  ratio  of  the  number  of  dif- 
ferent kinds  of  atoms  to  each  other,  but  give  us  often  no  clue  as  to  the 
constitution  of  the  molecule.  Thus  the  mineral  Hornblende  is  often 
represented  by  the  extremely  simple  formula  M^O.SiO^  in  which  M 
represents  an  atom  of  a  diad  metal ;  but  as  hornblende  always  con- 
tains at  least  two  diad  metals,  calcium  and  magnesium,  the  simplest 
formula  it  could  possibly  have  would  be  CaO.Mg0.2SiOs,  that  is,  the 
double  of  the  first  But  even  this  formula  could  only  be  true  if  the 
ratio  of  the  two  metals  in  the  mineral  was  the  same  as  that  of  their 
respective  atomic  weights  ;  or,  in  other  words,  if  an  atom  of  each 
were  present.  This  is,  however,  never  the  case ;  and,  besides,  most 
hornblendes  contain  diad  iron,  so  that  the  ratio  of  the  metals  could 
only  be  satisfied  by  a  very  large  number  of  atoms  of  each.  Thus,  in  a' 
crystalline  specimen  analysed,  the  simplest  formula  which  could  express 
the  ratio  of  calcium,  magnesium  and  iron,  and  other  substances,  was 
found  to  be  47Mg05iO„  20CaO.SiO„  3FeO.SiO„  or  in  all  seventy 
metallic  atoms.  The  usual  way  to  describe  such  a  mineral  is  to  assume 
the  simplest  formula,  as  for  example,  M'^O.SiOi,  and  say  M'^  repre> 
sents  variable  proportions  of  calcium,  magnesium,  iron,  etc ;  but  as  M'' 
represents  an  indivisible  atom,  and  as  the  least  quantity  of  any  body 
which  could  replace  another  is  an  atom,  it  is  quite  clear  that  the  true 
formida  is  a  multiple  of  the  simple  one.  The  following  table  contains 
the  names  of  all  the  terrestrial  simple  bodies  now  known,  classified  ac> 
cording  to  their  quantivalence  or  atomicity,  with  their  atomic  weights 
and  symbols :— 
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Tablb  L — List  of  Elbhentabt  Bodies. 

The  Elements  whose  names  ore  printed  in  black  type,  are  those 
which  form  the  minerals  of  which  rocks  are  chiefly  made  up. 
The  Elements  not  separated  by  a  line  form  a  group  of  closely- 
related  bodies.  A  line  between  two  bodies  shows  that  their 
relationship  is  more  remote. 


Monads. 

Non'MeUaUc  Bodies— 


g 

S 


/ 


1.  Hydrogen 


S.  Fhtorfaie 


▲tomla  Will^ta.    Syaibdia. 


19 


8.  Chlorine 


g  I    4.  Broiuine 
&  \^  5.  Iodine 


;)  11 


metn 
80-8 


a 

Br 
I 


n 

MetaU— 

^  f  t,  lithiam  . 
-      7.  Bodiiuii 


11 


S 

a 

9 


&  Silver 


7 
88 

108 


9.  Fotassimn . 
10.  RubidJom 
VlL  Caesium   . 


:)  B  " 


mean 
S 


Li 

Ag 

K 

Bb 

Cm 


DlADS. 

Non-MetaOic  Bodiet— 


(3 


11  Oxygen 


g  -{ 18.  Salphnr 
14.  Seleninm 
Jfiu  Tellariam 

O 


(3 


16 

88 
79  4 
128 


} 


meaik 
79-8 


5 

s 

6 


E 

8 
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/IS.  Calcium 
17.  Strontium 
'  18.  Barium 


a      .)     40    ) 

a       .  y  t  87-6  V 
.       .)    187    J 


mean 


88-8 


8 

Be 

Te 


Ca 

8r 


19.  Beryllium     or) 
Glncinum     > 


9-8. 


Ba 
BeorO 


20.  M«g;ne8inm 

21.  Zinc 

22.  Cadmium 


I)     24    ) 

:}  .r} 


moan 
67 


^-23.  Mercury  . 


200 


Mg 
Zin 

Cd 
Hg 


*  &  8e,  and  Te,  are  hezads,  but  are  placed 
here  becanae  of  their  cJoee  relationihip  with 
oz  jgen  itt  tiieir  diad  compounds. 


DlABS. 
Metals— 

24.  Yttrium 

25.  Erbium 


AtOBBlo  Wdyhti.    Symbols. 


26.  Cerium    . 

27.  Lanthanum 

28.  Bidymium 

29.  Thorium . 
80.  Indium   . 


61  7 
118*6 

92 

98-6 

96 

281-4 

72 


Tbiads. 
Non-MetaJUc  Body — 
81.  Boron 


11 


Metals — 
82.  Gold 


88.  Thallium. 


197 
204 


Tetrads. 
Non-Metallic  Bodies — 


84.  Carbon 


18 


I 

1/35.  Silicon  28 

.SJSS.  Titanium  .        60 

WJSL  Zirconium  .        896 
§  V88.  Tin  .  118 

o  

I      — 

89.  Alnniiniiim       27-4 


40.  Lead 


/'41.  Rhodium 
43.  Ruthenium 
48.  PaUadinm 


44.  Platinum 

45.  Iridium   . 
,46.  Osmium  . 


207 


104*4 
104-4 
106-6 

197-4 
196 
192  2 


Y 

Eb 

Ce 
La 
1)1 

Th 

In 


B 

An 
T 


8i 

Ti  ^ 
Zr 
8t 


Al 


r© 

a 


Ro 
Rn 
Pd 

Pt 
Ir 

Ob  J 


t  Lead,  by  Its  most  characteristio  com- 
pounds, in  which  the  metal  acts  as  a  diad, 
is  closely  related  to  this  group. 
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Pentads. 


I 


Non-MetaUic  Bodies — 


▲tomio  Waifhfek    8 jmbob. 


0  (47.  Nitrogen. 


{ 

I  (48. 


Phosphonis 


I 


Metals — 

^49.  Arsenic   . 
60.  Antimony 


1 


61.  BisDiuth  . 


62.  Vanadium 


63.  Niobium  . 
^64.  Tantalum 


14 


>-mean76 


75 
122 


810     . 

61-87 

M     . 
182     . 


N 
P 


As 
8b 

fii 

V 

Nb 
Ta 


*  The  principal  comi)ounda  of  copper  be- 
long to  a  diad  series.  Strictly  speaking, 
there  is  no  known  hexad  compound  of 
copper.    A  large  number  of  the  most  im- 


Hexads. 

4  Metals. 

I 

§  (56.  Chromium 

5  K  60.  Molybdenum 
«  (67.  Tungsten 

S 

z 
S 


Aiomto  Weights.    SymboliL 
52-2  .        .         Cr 
90     .        .         Mo 

.      184     .        .         W 


/'68. 
69. 


d 

I -(60. 


2 


61. 
V62. 


Magnanese 
Iron 
Cobalt     . 
Nickel     . 
Copper  • . 


63.  Uranium  t 


65 
66 

68-8 
68*8 
63-4 


120 


Mn 

Fe 

Co 

Ni 

Cu 


portant  compounds  of  the  iron  metals  belong 
also  to  a  diad  series. 

t  Uranium  is  doubtful — ^it  forms  a  quasi- 
triad  series,  U^Os  corresponding  to  Fe^Qs. 


Chemical  Nomenolature. — The  names  of  chemical  compoands  have 
been  framed  upon  the  principle  that  the  name  of  each  body  should  not 
only  indivddualise  it,  but  as  far  as  possible  express  also  its  composition, 
constitution,  and  relationships, — tell,  in  fact,  its  whole  chemical  history. 
It  is  not  desirable  that  the  whole  nomenclature  of  a  science  should  be 
frequently  changed  ;  yet,  as  the  scientific  names  express  the  theoretical 
views  of  their  framers,  an  occasional  partial  or  even  total  change  be- 
comes an  unavoidable  necessity.  New  compounds  are  also  being 
continually  discovered,  whose  constitution  cannot  be  well  explained  by 
existing  theories,  and  for  which  new  names  must  be  framed  which  do 
not  always  fit  into  the  existing  nomenclature.  Chemical  nomenclature 
must,  therefore,  be  always  undergoing  modification.  The  changes 
which  are  made  in  chemical  nomenclature  are  rarely  adopted  at  once 
in  those  branches  of  science  which  depend  upon  chemistry,  such  as 
mineralogy.  Within  the  last  few  years,  however,  the  progress  of 
chemistry  has  been  so  great,  and  the  consequent  change  in  chemical 
language  so  fundamental,  that  it  has  become  absolutely  necessary  to 
bring  the  chemical  part  of  mineralogy  into  harmony  with  the  present 
state  of  chemistrv. 

The  names  of  the  chemical  elements  are  trivial — that  is,  they  are 
not  intended  to  express  any  chemical  function  or  quality. 

When  two  simple  bodies,  or  two  radicles,  simple  or  compound, 
combine  with  each  other,  the  name  of  the  compound  body  is  formed 
of  two  parts,  an  adjective  and  a  noun.  The  noun  is  made  in  the  same 
way  as  the  ordinary  words  of  the  language,  of  a  root-word  and  a 
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suffix.  The  root  consists  of  the  essential  part  of  the  name  of  the  most 
chlorous  of  the  two  radicles,  and  the  suffix  is  the  syllable  -ide^  having 
exactly  the  same  meaning  as  the  original  English  suffix,  -ly.  This 
suffix  is  from  tihoiy  likeness.  The  compounds  formed  by  the  union 
of  any  given  chlorous  radicle  with  all  other  less  chlorous  radicles  form 
a  family,  having  the  same  substantive  as  part  of  their  name.  Thus 
the  compounds  of — 

Oxygen  are  called  ox-ides. 
Chlorine       „         chlor-ides. 
Sulphur       „         Bolph-idea. 

The  elements  oxygen,  chlorine,  etc.,  were  at  one  time  called 
supporters  of  combustion — that  is,  they  were  supposed  not  to  be 
combustible  themselves,  but  capable  of  forming  atmospheres  in  which 
the  combustible  bodies  could  bum,  the  latter  in  turn  being  supposed 
to  be  incapable  of  forming  such  atmospheres.  To  distingmsh  the 
compounds  of  the  two  classes,  a  suffix  was  used  in  the  names  of  the 
latter,  indicative  of  their  combustible  character — viz.  -urety  from  the 
Latin  verb  uro.  Thus,  the  compounds  of  sulphur,  instead  of  being 
caUed  sulphiV^,  were  called  sulph-t^r^^  Although  this  distinction  is 
now  known  to  have  been  founded  upon  a  misconception  of  the 
phenomenon  of  combustion,  and  that  we  can  bum  oxygen  in  hydrogen, 
as  well  as  the  converse,  the  term  sulphuret  has  been  so  long  used, 
especially  in  mineralogy,  that  it  is  likely-  to  remain  in  use  as  a 
common  or  trivial  term  for  several  bodies. 

The  adjective,  of  which  mention  was  made  above,  is  used  to 
distinguish  the  members  ai  the  same  family.  It  is  also  formed  of  a 
root-word,  consisting  of  the  essential  part,  generally,  of  the  Latin  name 
of  the  baffflous  elements,  and  the  adjectival  suffix  -tc,  thus — 

Sodium  and  chlorine  form  sodtc  chlon^. 

Copper  and  oxygen      „    cuprie  oxide. 

Lead  and  sulphur        „    plumbte  sulphufe  or  sulphtfrc^ 

As  polivalent  elements  can  form  compounds  in  which  some  of 
their  quantivalence  is  latent,  the  same  basylous  elements  may  form 
several  chlorides,  oxides,  etc.  Thus,  there  are  two  chlorides  of  iron, 
two  oxides  of  copper,  etc  To  distinguish  those,  the  name  of  the  one 
in  which  the  gr^iest  number  of  bonds  are  active  terminates  in  -tc,  and 
the  other  in  -<n»,  thus — 

Fernc  chloride.  Cupric  oxide. 

YettouB  chloride.  Cuprous  oxide. 

In  many  cases  it  is  necessary  to  further  distinguish  compoimds 
by  prefixes  formed  from  the  Greek  numeral  adjectives,  so   as  to 
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indicate  the  number  of  atoms  of  one  or  both  elements  in  the  com- 
ponndSy  thus — 

Iron  Pyrites,  Fe*^%  is  Ferric  (ft-stilphide. 

Magnetite,  )  Fet04  is  Triferric  tetrozide. 

or  >     or 

Magnetic  iron  ore  )  Fe"  Te^O^  or  Ferrous  diferric  tetrozide. 

Brannite    .    .    .    Mn«0«  is  dimanganio  triozide. 

Acids, — ^An  acid  originally  meant  any  body  having  a  sour  taste,  and 
which  made  certain  blue  colours  red.  A  body  could  only  possess  these 
properties  when  soluble.  Chemists  have,  however,  extended  the  term 
to  many  other  substances  which  are  insoluble,  or  which,  if  sufficiently 
soluble,  exhibit  those  qualities  in  a  feeble  degree.  An  acid,  in  its 
more  extended  sense,  is  a  body  containing  hydrogen  (or,  according  to 
another  view,  the  radicle  Hydroxyl,  Ho),  which  may  be  readily  replaced 
by  a  metal  or  basylous  radicle.  The  body  thus  formed  is  termed  a 
salt.  The  hydrogen  which  can  be  thus  replaced  is  usually  called 
displaceable  hydrogen.  When  an  add  contains  one  atom  of  displace- 
able  hydrogen,  it  is  called  monhydric  or  monobasic  ;  when  it  contains 
two,  a  dihydric  or  dibasic,  etc.  Dibasic,  and  all  acids  whose  basicity 
is  greater  than  unity,  are  called  polybasic.  Most  acids  contain  oxygen, 
but  some  contain  sulphur  instead,  and  are  distinguished  by  the  use  of 
the  prefix  tulph-  or  mlpho- ;  for  example,  sulphantimonous  acid. 
Chlorine,  and  some  other  of  the  simple  bodies,  form  acids  by 
combination  with  hydrogen.  These  acids  are  distinguished  by  the 
prefix  hydr<h  ;  as  hydrochloric  acid.  As  all  acids  contain  hydrogen, 
this  name  is  not  strictly  scientific,  but  is  likely  to  remain  in  use  as  a 
common  name. 

There  are  certain  oxides  which  produce  acids  by  combining  with 
the  elements  of  water.  Oxides  of  this  kind  are  called  anhydrides  and 
sometimes  anhydrous  acids.  When,  conversely,  all  the  hydrogen  of  cer- 
tain acids  is  removed  as  water,  we  get  the  anhydride.  An  anhydride 
may  take  up  the  elements  of  water  so  feebly,  that  the  acid  cannot  be 
prepared  at  all,  although  there  may  be  numerous  salts  corresponding  to 
it  Of  this  kind  ia  carbanhydride,  commonly  called  carbonic  acid.  On 
the  other  hand,  there  are  acids  whose  anhydrides  cannot  be  prepared. 

Polyhydric  or  polybasic  acids  may  form  several  salts  with  the  same 
metal,  if  the  quantivalence  of  the  metal  be  less  than  the  basicity  of  the 
acid.  Thus,  Jiitric  acid  HNO,  forms  only  one  salt  with  potassium  KNO^ 
while  sulphuric  acid  HtS04  can  form  two,  KHSO4  ^^^  KsS04,  and  phos- 
phoric acid  H,P04  three,  KH,P04,  K,HP04,  and  K,P04.  The  salts  in 
which  some  of  the  displaceable  hydrogen  still  remains  are  called  acid 
salts. 

Polyhydric  acids  containing  three  or  more  atoms  of  displaceable 
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hydrogen  are  capable  of  forming  intermediate  acids  when  only  partially 
dehydrated.  The  acids  thus  formed  are  called  meta-acids  ;  while  those 
containing  the  maximum  number  of  atoms  of  displaceable  hydrogen 
have  been  conveniently  termed  orthic  adds.     Thus  : — 


H,P04 
tho-phosphoric 
acid. 

H,0 
Water, 

HPO3 

Meta-phosphoric 

acid. 

H4Si04 
Ortho-silicic 

H,0 

Water, 

HjRiO, 
Meta-silicic 

add, 

acid.     . 

H^04 

H,0 

Snlphnric 

Water, 

add. 

2HjP04 

8H,0 

Ortho>phosphoric 

Water, 

add, 

H48i04 

2H,0 

Ortho-silicic 

Water, 

add. 

Acids  containing  an  odd  number  of  atoms  of  displaceable  hydrogen 

form  a  molecule  of  anhydride   from  two  molecules  of  acid  ;   acids 

having  an  even  number  form  their  anhydrides  from  one  molecule, 

thus : — 

SO, 
Sulphuric  anhydride. 

PfO, 
Phosphoric  anhydride. 

=  SiO, 

Silidc  anhydride. 

Two  or  more  molecules  of  a  polyhydric  or  polybasic  acid  may  form 
a  condensed  molecule  by  the  separation  of  the  elements  of  water. 
Thus  two  molecules  of  ortho-phosphoric  acid,  or  rather  of  a  soda-salt 
containing  two  atoms  of  the  displaceable  hydrogen  replaced  by  sodium, 
loee  a  molecule  of  water  when  heated,  and  form  what  is  called  pyro- 
phosphoric  acid,  because  produced  by  the  action  of  heat^  but  now  usually 
called  para-phosphoric  acid.     Thus  : — 

2NajaP0^         -        H,0        =  NajPjOy 

Disodic  Water,  Tetrasodic 

ortho-phosphate,  para-phosphate. 

When  an  orthic  add  gives  rise  to  a  series  of  condensed  acids,  each 
member  of  the  series  may  in  turn  correspond  to  a  condensed  meta-acid. 
The  basicity  of  the  condensed  orthic  adds  of  a  dibasic  acid  is  equal 
to  the  sum  of  the  basicities  of  the  molecules  condensed,  less  twice  the 
number  of  molecules  condensed  upon  the  first  It  follows  from  this 
that  dihydric  adds,  no  matter  to  what  degree  condensed,  will  always 
be  dibasic,  and  consequently  not  easily  formed  naturally.  The  basicity 
of  the  orthic  adds,  formed  by  the  condensation  of  trihydric  and  tetra- 
hydric  acids,  gradually  increases  with  the  condensation,  and  octohydric 
and  even  higher  adds  are  possible.  It  sometimes  happens  that  the  orthic 
add  is  less  stable  than  the  meta-acid  :  thus,  from  analogy  there  ought 
to  be  a  trihydric  nitric  acid  H|NOi,  but  although  there  are  salts  de- 
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livable  from  such  an  acid,  the  acid  itself  cannot  be  prepared.  The 
ordinary  nitric  acid  is  the  meta-acid,  and  the  natural  nitrates  are  meta- 
nitrates.  Very  few  of  the  condensed  acids  are  known,  but  a  large 
number  of  the  natural  silicates  are  salts  of  such  acids.  When  describing 
quartz  and  other  natural  forms  of  silicic  acid,  a  table  showing  the  rela- 
tionship of  the  condensed  silicic  acids  will  be  given. 

With  the  exception  of  hydrochloric  acid  and  chlorides,  and  the  salts 
derivable  from  one  or  two  sulphur  acids,  all  the  acids  and  salts  of  real 
importance  in  mineralogy  and  geology  are  oxygen  compounds.  The 
names  of  such  acids  are  formed  by  qualifying  the  word  acid  by  an  ad- 
jective made  as  before  mentioned,  by  adding  the  suffix  -ic  to  the  essential 
part  of  the  name  of  the  radicle.  Thus  sulphur  yields  sulphur-ic  acid  ; 
phosphorus,  phoephor-u;  acid ;  silicon,  silici<;  acid.  When  the  same 
element  forms  two  acids,  the  name  of  the  one  containing  least  oxygen, 
or  in  other  words  the  one  in  which  fewer  bonds  of  the  radicle  are 
engaged  by  hydroxyle  in  the  acid  and  by  oxygen  in  the  anhydride, 
is  formed  by  the  suffix  -(mb  instead  of  -ic.  Thus  sulphur,  when  it  acts 
as  a  hexad  element,  forms  snlphuru;  anhydride  and  acid  S^"„  and 
SO',(Ho)' ;  and  when  it  acts  as  a  tetrad  element,  sulphuroti^  anhydride 
and  acid  S^^O*,,  and  SO''(Ho*). 

Bates. — Certain  oxides  of  metals,  when  brought  in  contact  with  water, 
form  compounds  analogous  to  acids,  but  opposite  in  chemical  functions. 
Thus  calcic  oxide,  lime,  Ca"0,  combines  with  water  to  form  Ca"H^Oy 
Such  oxides,  and  their  compounds,  with  water,  are  termed  bases — Whence 
the  term  basylous  given  to  the  metallic  elements.  The  oxides  repre- 
sent the  anhydrous  acids,  and  are  also  called  anhydrous  oxides ;  the 
hydrated  bodies,  the  acids,  they  are  usually  called  hydrates — the 
adjective  qualifying  the  word  hydrate  being  formed  in  the  same  way  as 
the  adjective  qualifying  acid.  Thus  EHO  is  potassic  hydrate ;  slaked 
lime,  Ca'^H,0,,  is  calcic  hydrate.  As  the  acid  hydrates  are  distingmshed 
by  the  number  of  atoms  of  hydrogen  displaceable  by  basylous  radicles, 
so  the  basic  hydrates  are  distinguished  by  the  number  of  atoms  of 
hydrogen  displaceable  by  acid  radicles.  The  monivalent  metals  form 
monhydric  bases,  the  divalent  metals  dihydric  bases,  and  so  on.  Poly- 
hydric  or  polyacid  bases,  like  polyhydric  or  polybasic  acids,  by  losing 
part  of  their  hydrogen  as  water,  can  form  meta  or  intermediate  hydrates. 
Thus  ortho-ferric  hydrate,  Fe^H^Oc,  by  losing  one  molecule  of  water, 
H,0,  becomes  the  metahydrate  foimd  in  nature  as  brown  iron  ore, 
Fe^H^O, ;  by  losing  2H,0,  it  forms  a  second  hydrate,  foimd  in  nature 
as  needle  iron  ore  or  ordinary  brown  iron  ore,  Fe,H,04;  by  losing 
3H,0  it  becomes  ferric  oxide,  occurring  in  nature  as  red  haematite, 
Fe,0, ;  orthic  aluminic  hydrate,  found  as  the  mineral  Gibbeite,  Al^Oe, 
becomes,  by  losing  2H«0,  the  hydrate  found  naturally  as  diaspore, 
Al,Ht04,  and  by  losing  3H,0,  aluminic  oxide  AltQg. 
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Two  or  more  molecules  of  a  polybydric  base  appear  to  be  able  to 
form  condensed  bases  with  the  separation  of  water.  Thus  the  ^ist 
condensed  orthic  ferric  hydrate  would  have  the  composition  Fe^HioOn ; 
bj  the  loss  of  two  molecules  of  water  this  would  give  the  condensed 
hydrate  Fe^HfO,,  which  occurs  naturally  as  the  mineral  brown  haema- 
tite, or  compact  and  fibrous  brown  iron  ore.  We  have  examples  of  still 
higher  condensations  among  the  sulphur  compounds,  as  in  octoferrous 
sulphide  Fe,"S",  and  in  heptaferric  octosulphide  or  magnetic  pyrites, 

FeA". 

Many  of  the  anhydrous  basic  oxides  and  hydrates  have  been  long 

known,  and  have  acquired  common  names  by  which  they  will  continue 

to  be  known,  no  matter  what  changes  may  take  place  in  chemical  nomen- 

datnre.     Thus  we  have — 

Systematic  Names,  Common  Names, 

Baric  Oxide.  Baryta. 

Strontic    „  Strontia. 

Calcic       ,,  Lime. 

Magnesic  „  Magnesia. 

Alaminic  „  Alumina. 

Potassic  Hydrate.  Potash. 

Sodic  „  Soda. 

Salts, — ^When  acids  and  bases  mutually  act  upon  each  other — that 
is,  when  chlorous  or  acid  radicles  displace  hydrogen  in  basyle  hydrates,  or 
bosyle  radicles  displace  hydrogen  in  acid  hydrates,  or,  when  acid  and 
basic  anhydrides  combine — salts  are  formed.  Salts  may  be  con- 
veniently classified,  for  mineralogical  purposes,  into  Haloid-salts,  Oxy- 
saltis,  and  Sulpho-salts.  Haloid-salts  are  such  as  resemble  common 
salt  in  chemical  constitution,  hence  the  name.  This  class  includes 
the  compounds  of  the  Halogen  elements,  fluorine,  chlorine,  bromine, 
and  iodine  with  the  metals, — that  is,  fluorides,  chlorides,  bromides,  and 
iodides. 

Oxy-«alts  are  those  formed  by  the  oxy-acids,  and  may  be  divided 
into  normal,  add,  and  basic  salts.  A  normal  salt  is  the  salt  which  is 
formed  when  all  the  displaceable  hydrogen  of  an  acid  is  replaced  by  an 
equivalent  quantity  of  a  basylous  radicle,  such  as  a  metal ;  or  conversely, 
when  the  displaceable  hydrogen  of  a  ba^lous  hydrate  is  replaced  by  an 
equivalent  quantity  of  an  acid  radicle.  Normal  salts  were  at  one  time 
cidled  neutral  salts.  This  term  was  originally  applied  to  certain  salts 
whose  solutions  did  not  affect  colouring  matters.  The  following  examples 
will  explain  more  fully  the  meaning  of  normal  salts : — 

iNa'NO^  sodic  nitrate,  or  nitrate  of  sodium, 
or  nitrate  of  soda. 
Oa'2NO„  calcic  nitrate,  nitrate  of  calcium, 
or  nitrate  of  lime. 
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Solphuric  add,  H^04 


Ortho-phoephoric  add,  H,P04 


Ortho-silidc  acid,  H4Si04   . 


Meta-Bilidc  add,  HfSiO,    .    . 

Condensed  anhydro-silidc  add, 
HeSieOie 


'Na,S04,  diaodio  sulphate,  rolpbate  of  so- 
dium, sulphate  of  soda,  or  thenaidite. 

Ca''S04,  caldc  sulphate,  or  sulphate  of  cal- 
dum,  sulphate  of  lime,  or  anhydrite. 

K^'A1,*'4S04,  24H,0,  eikositetra-hydratod 
dipotassic  aluminic  tetrasulphate,or  alum. 

Fe,''3S04,  9H,0,  enneahydrated  difenictri- 
sulphate,  or  Coquimbite. 

(  K,P04  tripotasdc  phosphate. 

)  Ca,'2P04,  tricaldc  diphosphate. 

1  Fe,''2P04,  8H,0,  od»hydrated  triferrous  di- 

(     phosphate.  orVivianite. 

Mg,'Si04,  dimagnesic  silicate,  typical 
peridot,  or  chrysolite. 

Fes'SiOf,  diferrous  silicate,  typical  eisen- 
peridot,  or  fayalite. 

SMgfSiO,,  monomagnedc  silicate,  typical 
augite,  as  represented  by  enstatite. 

(  K,Al«''Si«0|e,  dipotassic  aluminic  hexa-dli- 
(      cate,  orthoolase,  or  potash  felspar. 

The  following  examples  will  show  the  character  of  sulphur  acids 
and  their  salts  better  than  a  description — 

Orthculph^thuonoo.  ^  H.SbS.  I  '^^^±^^'^'"'    '^^^^<^^- 

Meto^lphantimonona  «M,  HSbS.  ]  ^'^^^J^*^"  '"«t^P^««'<«^t^ 

Condensed     sulphantimonous   acid,  j  Pb^'Sb^s.       Diplumbic      para-sulphanti- 
H^SbS,  ...         I      monite,  or  featiier  ore. 

As  acid  salts  are  of  scarcely  any  importance  in  mineralogy,  what 
has  been  said  on  this  subject  at  p.  20  will  suffice. 

Basic  salts  are  those  in  which  the  atoms  of  displaceable  hydrogen 
are  replaced  by  a  more  than  equivalent  amount  of  basylous  radicle  or 
radicles.  Basic  salts  are  formed  by  polyatomic  bases,  and  generally 
by  the  higher  ones — like  ferric  and  iduminic  hydrates.  They  almost 
always  contain  the  elements  of  water,  as  if  the  hydrates  attached  them- 
selves to  the  acids  by  a  limited  number  of  bonds,  thus  partially  retain- 
ing their  character  of  hydrates.  The  following  are  a  few  examples  of 
basic  salts : — 


Cuj'^COb. 
re4'^i,SOi5. 


Dicuprio  carbonate  dihydrate,  or  green  malachite. 

Vitriol  ochre. 

Alunite. 


Sometimes  the  bases  do  not  appear  to  be  able  to  remain  as  hydrates, 
and  then  form  basic  anhydrous  salts — as,  for  instance,  heterodine,  which 
is  a  hexmanganic  monosilicate — 

(MnJ,'*  Si  Oi 


'u« 
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Some  of  the  higher  polyhydiic  bases^and  notably  the  pseudo-hexatomic 
doable  atoms,  aluminlc,  ferric,  and  chromic  hydrates,  are  capable  of  act- 
ing as  acids  as  well  as  bases.  Aluminic  hydrate,  for  instance,  forms 
salts  called  Alaminates,  such  as  potassic  aluminate,  magnesic  alaminate, 
etc  The  following  are  interesting  examples  of  compounds  of  this 
dass. — 

H^*'0,    DUspore.  Pc^Alj^O*  Zeilanite.  ZnTcj^O*      Franklinite. 

M^Al/'04  SpineL  H^Pej^O^  Gothite,   or  Fe''Cr,*^04      Chromo-lroiL 

Be  A],  O4  ChryBoberyL  needle  ore.  HtMot'O*      Manganite. 

Za'Alj'Of  Gahnite.  Fe'^e,'"0^  Magnetite.  Mn'Mns^Of  Haasmannite. 

In  some  h  jdrated  aluminic  silicates  the  aluminium  appears  to  be 
combined  with  the  acid,  and  with  bases ;  that  is,  to  act  the  part  of 
base  and  acid  at  the  same  time. 

It  must  not  be  forgotten  that  even  when  we  know  the  number  of 
atoms  in  a  molecule,  its  constitution  may  be  represented  by  several 
formube,  all  of  which  must  agree  —  1,  In  giving  the  constituents  ; 
2,  their  relative  proportions  ;  and  3,  the  number  of  atoms  in  the 
molecule.  The  difference  between  the  several  formul»  consists  in  the 
way  in  which  the  atoms  are  mutually  combined  within  the  molecule. 
Tius  can  only  be  determined  by  studying  the  way  in  which  the  mole- 
cole  breaks  up.  But  as  the  way  in  which  a  molecule  breaks  up 
depends  upon  the  nature  of  the  reaction  to  which  it  is  submitted,  a 
body  can  have  as  many  formulas  as  there  are  ways  in  which  it  breaks 
up.  Thus  we  may  write  sulphuric  add  in  either  of  the  following 
ways :  H^O^,  So'',(Ho)'„  SO,H,0.  These  formulas  represent  a  mole- 
cule of  the  acid ;  ihe  first  merely  gives  the  numbers  of  the  atoms  of 
each  kind  in  the  molecule  ;  the  second  attempts  to  do  more,  for  it  as- 
sumes that  the  acid  consists  of  the  diatomic  radicle  sulphuryl,  SO,",  com- 
bined with  two  atoms  of  the  monatomic  radicle  hydroxyl  (Ho)'.  The 
third  formula  best  expresses  the  separation  of  water  from  the  anhydride 
SO^  If  we  adopt  the  first  formula,  the  salts  are  supposed  to  be  formed 
by  the  displacement  of  hydrogen.  If  we  adopt  the  second,  the  metals  in 
the  salts  are  still  assumed  to  displace  hydrogen,  but  they  are  further  sup- 
posed to  form  radicles  with  the  oxygen.  Thus  if  potassium  replaces  the 
hydrogen,  a  monatomic  radicle,  potassoxyl,  is  assumed  to  exist  in  the 
aalt ;  if  a  diatomic  metal  displaces  two  atoms  of  hydrogen  in  two  atoms  of 
hydioxyl,  a  diatomic  radicle  containing  two  atoms  of  oxygen  is  formed, 
and  80  on.  According  to  the  third  mode,  the  metal  may  sdso  be  supposed 
to  displace  hydrogen  and  to  form  an  oxide,  and  hence  a  sulphate  ac- 
cording to  the  fhird  formula  would  consist  of  the  anhydrous  acid  and 
an  oxide.  Each  formula  is  correct  so  far  as  it  best  expresses  certain 
tactions ;  but  as  in  discussing  the  composition  of  bodies  it  becomes 
necessary  to  select  some  one  formula  for  general  use,  that  one  which 
best  expresses  the  general  reactions  of  the  body,  and  is  most  in  harmony 
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with  the  theoretical  views  of  the  author  who  uses  it,  is  selected.  The 
first  type  of  formula  possesses  considerahle  advantages  as  being  less  theo- 
retical than  any  other,  but  in  many  cases  it  does  not  represent  the  con- 
stitution of  a  body  so  well  as  the  second.  The  latter  is  not,  however, 
wtll  adapted  for  mineral  formulae  in  the  present  transition  stage  of 
chemical  notation  ;  on  the  other  hand,  the  third  method  is  veiy  well 
adapted  for  the  purpose,  because  in  those  cases  where  it  fails  most,  as 
in  expressing  the  constitution  of  acid  salts,  we  do  not  require  to  use  it 
for  mineral  formulce,  there  being  veiy  few  acid  salts  among  miBend& 
While  the  formulae  used  here  will  generally  be  written  according  to  the 
first  method,  the  others  will  also  be  used  whenever  it  may  be  found 
necessary. 

In  most  books  on  mineralogy  silica  is  considered  to  be  a  tri- 
oxide,  SiO, ;  even  in  the  few  in  which  it  has  been  assumed  to  be  a 
deutoxide,  SiO„  many  of  the  atomic  weights  used  are  only  half  what 
they  are  now  admitted  by  all  chemists  to  be.  As  there  is  no  longer 
any  doubt  that  silicon  is  a  tetrad,  the  formulae  of  all  silicates  based 
upon  SiO«  are  wrong ;  and  when  we  take  into  consideration  that  the 
atomic  weights  of  oxygen,  sulphur,  and  nearly  all  the  polyatomic  metals, 
have  been  doubled,  it  would  be  useless  to  give  the  old  formulae ;  the 
best  thing  the  student  can  do  is. to  forget  them. 

2.  Laws  op  Form, 

If  ice  be  heated,  it  melts  into  water ;  if  the  water  be  further  heated, 
it  is  converted  into  steam  or  gas.  The  converse  of  these  changes  may 
be  produced  by  cooling.  As  heat  is  only  a  kind  of  motion,  the  three 
physical  states  of  matter  depend  upon  the  relative  quantities  of  motion 
which  the  molecules  of  any  given  portion  of  it  may  possess.  Some  of 
the  simple  bodies  are  known  in  the  three  states  ;  but  others,  such  as 
those  which  form  air  and  water,  are  known  only  in  the  gaseous  state. 
Perhaps  all  those  which  occur  in  the  solid  state  may  be  converted  into 
gas  ;  but  the  intensity  of  the  heat  required  for  this  purpose,  in  the  case 
of  such  bodies  as  carbon,  silicon,  eto.,  has  hitherto  been  an  obstacle  to 
this  being  done.  Many  compounds,  besides  water,  are  also  capable  of 
existing  in  the  three  states  ;  nearly  all  the  compound  bodies  which 
exist  at  ordinary  temperatures  in  the  gaseous  state,  have  been  changed 
into  liquids  by  cold  or  compression,  or  by  their  joint  action,  and  many 
of  them  have  been  even  frozen.  But  a  large  number  of  solid  and  even 
liquid  compounds,  the  molecules  of  which  are  very  complex,  or  the 
atoms  of  which  are  held  together  by  very  feeble  affinity,  cannot  with- 
stand the  heat  necessary  to  convert  them  into  gas,  and  are  deconiposed 
into  other  molecules,  some,  or  all,  of  which  are  capable  of  holding 
together  under  the  influence  of  the  heat-motion  necessary  to  keep  them 
as  gases. 
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We  haye  seen  that  sulphur  is  capable  of  forming  at  different  tem- 
peratures two  distinct  molecules — one  siz-atomed,  and  the  other  two- 
atomed.  Several  substances,  when  passing  from  the  liquid  to  the  solid 
state,  appear  to  be  capable  of  forming  distinct  molecules  also,  which  are 
peculiar  to  the  solid  and  liquid  states,  or  even  to  the  solid  state  alone, 
and  cannot  be  carried  into  the  gaseous  state.  Some  of  those  piolecules 
appear  to  be  chemical — ^that  is,  to  be  accompanied  by  atomic  changes, 
which  take  place  in  atomic  proportions.  Others  are  physical,  and 
seem  to  depend  upon  the  formation  of  condensed  molecides  by  the 
temporary  association  of  a  number  of  chemical  molecules,  unaccom- 
panied by  any  atomic  change,  or  so  slight  as  to  produce  no  permanent 
effect  upon  the  equilibrium  of  the  chemical  molecule-s.  The  gaseous 
condition  of  matter  gives  us  the  true  chemical  molecule  in  a  free  state  ; 
the  liquid  and  solid  conditions  may  be  looked  upon  as  combinations  of 
chemical  molecules  into  physical  molecules.  The  most  stable  physical 
molecules  appear  to  assume  polyhedral  forms,  the  shapes  of  which 
depend  upon  the  nature  of  the  chemical  molecules.  When  a  body 
solidifies  in  such  stable  molecules,  the  whole  mass  obeys  the  action  of 
the  polyhedral  molecules,  and  the  substance  is  said  to  crystallise.  Be* 
side  this  crystalline  state,  certain  kinds  of  solid  matter  appear  to  be 
capable  of  forming  more  or  less  intermediate  unstable  molecules,  which 
do  not  build  themselves  up  into  polyhedral  forms.  The  aggregation  of 
molecules  of  this  kind  gives  us  solid  matter,  in  what  is  called  the 
amorphous  or  shapeless  condition.  There  are  two  modes  of  this 
amorphism  which  are  specially  interesting  to  the  Qeologist — the  glassy 
state  assumed  by  bodies  which  pass  into  the  solid  state  from  the  state 
of  fusion,  and  the  corresponding  colloid,  or  gelatinous  state  assumed  by 
certain  bodies  when  passing  into  the  solid  state  from  solution.  Before 
saying  anything  further  upon  the  glassy  and  colloid  states  of  solid 
matter,  we  must  describe  briefly  the  principal  laws  of  crystallised  solid 
matter. 

CryBtallology. — ^The  term  crystal  is  applied  to  any  polyhedral 
form  bounded  by  plane  surfaces,  Imving  no  re-entrant  angles,  and  the 
internal  structure  of  which  is  geometrically  related  to  its  external  form. 
The  study  of  crystals  may  be  called  crystallology,  and  may  be  divided 
into  four  parts : — 1,  their  geometry,  which  is  termed  crystallography  ; 
2,  their  formation  or  crystallogenesis ;  3,  their  physical  properties  or 
ciystaUo-phyaics  ;  and  4,  the  relation  between^  the  constitution  of 
ciystals  and  their  shape  or  crystallo-chemistry. 

CrystaUography. — Elements  of  Crystah. — ^The  bounding  elements 
of  crystals  are — ^the  faces  or  planes,  the  intersections  of  the  faces  or 
edges,  and  the  points  of  intersection  of  the  edges  or  angles.  The 
point  within  the  crystal  from  which  all  like  bounding  elements  are 
equally  distant,  is  cslled  the  centre  of  a  crystaL     The  lines  which  pass 
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through  this  point  from  two  opposite  points  in  the  sniface  of  the 
crystal,  are  termed  axes.  Of  the  infinite  numher  which  may  be  sup- 
posed to  pass  in  this  way,  only  a  limited  number  pass  symmetrically 
through  any  given  polyhedral  form — that  is,  join  opposite  siiTiilar 
parts,  such  as  solid  angles  and  the  centres  of  opposite  f&ces  and  edges. 
The  nun^ber  of  symmetrical  axes  is,  therefore,  determined  by  the  num- 
ber of  the  bounding  elements  of  the  crystal,  being  equal  to  half  the 
number  of  faces,  edges,  and  solid  angles. 

Axes  and  Sections, — Equal  axes  are  those  which  join  similar  and 
equal  parts.  When  we  find  in  a  figure  an  axis  which  is  unlike  any 
odier  axis  in  it,  the  crystal  is  called  a  monaxial  form.  In  some  forms 
every  symmetrical  axis  may  be  unique.  Ciystals  in  which  there  is  not 
an  unique  axis,  are  called  polyaxiaL  A  plane  supposed  to  pass  through 
a  crystal  perpendicular  to  a  symmetrical  axis,  is  called  a  section  ;  when 
it  passes  through  the  centre  of  the  crystal,  and  divides  the  axis  into  two 
equal  parts,  the  figure  of  the  section  will  be  homologous  with  the  figure 
of  projection  on  a  sheet  of  paper  upon  which  the  crystal  is  put,  with  that 
axis  perpendicular  to  its  surface,  or,  what  is  the  same  thing,  to  its 
shadow  when  light  is  held  above  it  while  in  that  position.  Thus  if  a 
cube  be  placed  with  one  of  its  diagonals  perpendicular,  its  projection 
will  be  a  regular  hexagon. 

Simple  and  Compound  Forms. — Forms  boimded  by  faces  of  the  same 
kind,  are  called  simple  forms ;  those  having  faces  of  different  kinds, 
compound  forms.  Compound  forms  are  considered  to  be  made  up  of 
as  many  simple  forms  as  the  crystal  has  different  kinds  of  faces. 

Relative  Symmetry  of  Sections. — Sections  of  crystals  may  be  classed 
under  six  categories,  according  to  their  relative  d^prees  of  symmetry  : — 
1.  The  equilateral  triangle  and  i^^ular  hexagon,  and  all  other  figures 
which  may  be  symmetrically  derived  from  them  ;  2.  The  square,  which 
may  be  divided  into  four  equal  and  similar  isosceles  triangles,  and  any 
other  polygon  symmetrically  derived  from  it ;  3.  The  rhomb  and  rect- 
angle, and  their  symmetrical  derivatives — ^these  two  figures  are  comple- 
mentary in  their  symmetry,  the  former  is  equilateral,  but  has  two  kinds 
of  angles ;  the  latter  is  equi-angular,  but  has  two  kinds  of  sides, — a 
rhomb  can  be  inscribed  in  a  rectangle  and  a  rectangle  in  a  rhomb  ;  4. 
A  rhomboid,  which  may  be  divided  into  two  pair  of  equal  opposite 
scalene  triangles,  and  all  other  polygons  of  equal  symmetry ;  5.  The 
deltoidal  trapezium,  having  two  unequal  parallel  sides,  and  two  equal 
inclined  ones,  two  pair  of  opposite  equal  angles ;  or  the  deltoid,  which 
has  two  pair  of  contiguous  equal  sides,  and  one  pair  of  opposite  equal 
angles,  and  polygons  derivable  symmetrically  from  them  ;  and  6.  Scalene 
triangles. 

Co-ordinate  and  CrystaUographic  Axes. — ^The  position  of  the  faces 
of  a  geometrical  form  may  be  determined  by  their  relation  to  three 
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planes,  or  the  lines  formed  by  their  [intersection.  These  lines,  which 
may  be  supposed  to  be  of  infinite  magnitude,  are  called  co-ordinate  axes. 
If  we  suppose  a  crystal  constructed  about  three  such  imaginary  lines, 
their  centre  coinciding  with  the  centre  of  the  crystal,  and  the  lines 
themselves  with  three  of  the  symmetrical  axes,  the  portion  of  the 
co-ordinate  axes  enclosed  within  the  crystal  would  be  the  crystallo- 
graphic  axes.  Every  face  of  a  crystal  should  actually  intersect  at  least 
one  of  the  three  axes  of  the  crystal,  or  do  so  if  the  face  and  axis  were 
sufficiently  prolonged ;  that  is,  intersect  one  of  the  co-ordinate  axes, 
and  be  parallel  to  the  other  two  ;  or  it  may  intersect  two,  and  be  parallel 
to  one  ;  or,  lastly,  it  may  intersect  all  three.  The  portions  of  the  co- 
ordinate half-axes  intercepted  between  their  point  of  intersection  with 
each  other — ^that  is,  the  centre  of  the  crystal,  and  their  points  of  inter- 
section, or  possible  points  of  intersection  with  a  face — are  called  the 
parameters  of  that  face.  The  ratio  of  the  parameters  is  determined  from 
the  measurements  of  the  angles  made  by  the  faces  with  each  other. 
There  are  some  forms  whose  faces  can  be  better  determined  in  rela- 
tion to  four  axes. 

ClassijiccUion  of  Form$  according  to  Number^  Lengthy  and  Angle  of 
Crystalline  Axes, — The  forms  which  are  determined  by  means  of  three 
lines — that  is,  by  length,  breadth,  and  thickness — may  be  called 
triaxial  forms,  and  those  measured  in  four  directions  tetraxial  forms. 
The  triaxial  forms  may  be  divided  into  those  in  which  the  axes  of 
.  symmetry  selected  as  crystallographic  axes  are  at  right  angles  to  each 
other,  or  orthic  or  straight  forms  ;  and  those  in  which  one,  two,  or  the 
three  intersect  obliquely,  or  clinic  or  inclined  forms.  Orthic  forms  are 
subdivided  into  those  having — 1.  The  axes  equal ;  2.  Two  equal  and 
the  third  greater  or  less  ;  and  3.  The  three  axes  unequal  The  clinic 
forms  are  subdivided  into— 1.  Those  in  which  one  of  the  axes  is 
inclined  to  a  second  one,  but  at  right  angles  to  the  third  ;  2.  Those  in 
which  one  axis  is  at  right  angles  to  a  second,  but  all  the  other  angles 
made  by  three  axes  with  each  other  are  oblique  ;  and  3.  Those  in  which 
all  the  angles  made  by  the  intersection  of  the  crystallographic  axes  are 
oblique.  All  tetraxial  forms  have  three  axes  in  the  same  plane,  and 
the  fourth  perpendicular  to  them. 

Crystalline  Systems, — All  crystalline  forms  whose  axes  belong  to  one 
of  these  categories,  constitute  what  is  caUed  a  crystalline  system ;  all 
the  forms  in  which  any  substance  is  found  to  crystallise,  subject  to  a 
law  to  be  described  presently,  constitute  a  crystalline  series.  The  fol- 
lowing table  contains  the  names  of  the  seven  systems  just  indicated, 
and  will  help  to  make  other  relations  more  intelligible  : — 


30 


GEOGNOSY. 


Table  of  the  Seven  Systems  of  Cbystals. 

Triaxial  Forms, 

'1.  Monometric,   isometric,    cubical,    tesseral,    or   regular 
system. 
Orthic  systems.  •{  2.  Dimetric,    mono-dimetric,    tetragonal,    pyramidal,     or 

square  prismatic  system. 
^8.  Trimetric,  ortho-rhombic,  or  rhombic  system. 

^4.  Monoclinic,    mono-clinohedric,    clino-rhombic,  oblique 
prismatic,  or  hemi-prismatic  system. 
Clinic  systems.  •  |  5.  Diclinic  or  diclinohedric  system. 

6.  Triclinic,  anorthic,  tetarto-prismatic,  or  doubly  oblique 

prismatic  system. 

Tetraxial  Forms, 

7.  Hexagonal,  rhombohedral,  or  mono-trimetric  system. 

The  systems  of  crystals  thus  marked  out  by  the  number,  relative 
dimensioiis,  and  angles  of  intersection  of  the  axes,  are  also  distinguished 
by  their  relative  symmetry.  All  polyaxial  forms  belong  to  the  mono- 
metric  system,  and  therefore  contain  several  axes,  giving  sections  of  the 
first  degree  of  symmetry  or  hexagonal  axes ;  several  of  the  second 
degree  or  squares,  or  tetragonal  axes  ;  and  several  giving  rectangles  or 
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Fig.  1. 


Fig.  2. 


prismatic  axes.  Fig.  1  shows  the  cube  with  the  four  hexagonal  axes 
joining  the  opposite  solid  angles ;  Fig.  2  the  three  tetragonal  axes 
joining  the  centres  of  opposite  faces ;  Fig.  3  shows  the  six  prismatic 
axes  joining  the  centres  of  opposite  edges.  The  crystallographic  axes 
are  the  three  tetragonal  axes.  The  student  may  at  once  find  out,  first 
the  system,  and  next  the  crystalline  axes,  of  many  more  or  less  well- 
defined  crystals  belonging  to  the  orthic  and  hexagonal  systems,  by  deter- 
mining the  sections.  It  is  not  so  easy  to  do  so  in  the  clinic  systems, — 
indeed  it  would  not  be  possible  to  detect  the  diclinic  system,  or  distin- 
guish between  some  rhombic  and  monoclinic  crystals,  in  this  way  at  all 
The  tetragonal  axes,  although  less  symmetrical  than  the  hexagonal 
ones,  are  selected  as  the  crystallographic  axes,  of  polyaxial  or  mono- 
metric  forms,  because  they  constitute  a  system  of  three  equal  and 
rectangular  axes,  which  is  just  the  number  required. 

The  only  other  forms  in  which  hexagonal  sections  could  be  cut  are 
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the  beiagonal,  which  contain  one  such  axia,  and  it  is  the  only  unique 
axis  in  the  syetem,  hence  the  name  hesf^nal  given  to  it.  The  other 
three  CTTstallographic  uea  are  prismatic  axes.  la  comparing  forms 
with  one  another,  one  of  the  ciystallographic  ues  is  made  perpendicular, 
and  ifl  considered  the  principal  axis.  In  the  monometric  or  polyaxial 
forma,  the  three  axes  being  alike,  any  one  of  them  may  be  made  the 
principal  axis.  In  the  monaxial  system,  which,  like  the  hexagonal, 
hag  only  one  unique  axis,  this  is  made  the  principal  axis. 

In  the  dimetric  syatem  there  is  no  hexagonal  axis,  and  but  one 
tetragonal  one,  which  ia  the  variable  axis,  and  ia  made  the  principal 
one.  The  two  equal  cr3'etallographic  axes  are  priamatio  axea.  Rhombic 
forms  have  three  rhombic  axes  at  right  angles,  and  they  are  selected  aa 
the  crystallogTaphic  axes.  Aa  tbey  are  aoequal,  any  one  of  them  may 
be  made  the  principal  axia.'  The  monoclinic  forma  have  only  one 
rbomboidal  axin,  and  two  deltoidaL  The  one  of  the  latter  which  is 
perpendicular  to  the  rhomboidal  axis,  and  inclined  to  the  other  deltoidal 
one,  ia  made  the  principal  axis.  Triclinic  forms  have  only  scalene  axes, 
that  ia,  no  sections  can  be  made  in  a  crystal  belonging  to  the  triclinic 
syetem  of  greater  symmetry  than  a  scalene  triangle. 

For  the  purpose  of  connecting  the  variooa  fonns  belonging  to  a 
system,  some  simple  form  is  taken  aa  the  type,  and  from  it  the  others 
are  then  supposed  to  be  derived.  The  majority  select  what  is  called  the 
pyramid.  The  cryatallographic  pyramid  is,  however,  a  double  pyramid, 
or  two  pyramids  base  to  base.  In  the  monometric  system  there  ia  but 
one  pyramid,  the  regular  octahedron,  a  figure  bounded  by  e^ht  equila- 
teral triangles  (Fig.  4).  As  there  could  be  only  one  such  form  in  the 
system,  its  axis  being  the  axis  of  a  circumscribii^  sphere,  it  is  not  called 
a  pyramid,  but  the  octahedron.  In  the  dimetric  system,  one  axis  being 
variable,  there  may  be  as  many  pyramids  m  possible  lengths  of  that 


Wg.  «.  Fig.  B.  Fig.  8. 

axis.     These  pyramids  are  obtuse  when  the  piincipal  axis  is  less  than 
the  other  two  axes,  and  acute  when  greater  (Fig.  &).     The  circle  shows 
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the  limits  of  the  acute  and  obtase  pyramids.  When  the  vertical  axis  is 
equal  to  the  basal  ones,  the  pyramid  would  be  the  regular  octahedron, 
which  could  not,  however,  occur  in  this  system.  In  the  rhombic  system 
the  three  axes  may  vary ;  there  may  consequently  be  three  series  of 
pyramids — ^when  the  principal  axis  varies,  or  the  pyramid  proper  ;  the 
macro-pyramids,  or  pyramids  in  which  the  longer  of  the  two  secondary 
axes  varies;  and  brachy-pyramids,  or  those  in  which  the  shorter 
secondary  axis  varies.  Fig.  6  represents  the  three  kinds  of  pyramids 
drawn  upon  the  same  principal  axis ;  the  continuous  lines  represent  the 
pyramid  properly  so  called,  the  macro-pyramid  or  the  pyramid  formed 
by  the  variation  of  the  longer  secondary  axis  is  represented  by  lines 
formed  of  short  dashes  and  single  points  ;  and  the  brachy-pyramid, 
or  pyramid  formed  by  the  variation  of  the  shorter  secondary  axis,  by 
short  dashes  and  two  points.  In  the  clinic  systems  there  are  also 
several  series  of  pyramids,  which  are  related  to  each  other  somewhat  in 
the  same  way  as  the  rhombic  pyramids,  except  that  one  or  more  of  the 
axes  are  oblique.  In  studying  clinic  forms  the  pyramids  are  con- 
sidered as  combinations.  Thus  the  monoclinic  forms  are  considered  to 
be  made  up  of  two  hemi  or  half  pyramids  ;  and  the  triclinic  of  four 
quarters  or  tetarto  pyramids.  In  the  hexagonal  system  the  pyramid 
has  twelve  sides. 

The  prism  has  also  been  selected  as  the  type  or  f imdamental  form. 
The  cube  may  be  regarded  as  the  prism  of  the  monometric  system. 
Like  the  regular  octahedron,  the  cube  is  unique.  In  the  other  triaxial 
systems  the  typical  prisms  are  four-sided  bars,  which  are  orthic  in  the 
rectangular  and  inclined  in  the  clinic  system.  They  are  terminated  by 
two  planes  called  the  base.  A  prism,  unlike  the  cube,  is  in  reality  a 
compound  form,  and  ciystallographers  consequently  distinguish  fonns 
into  closed  forms,  like  the  pyramid,  and  open  forms,  like  the  prism, 
which  can  only  be  closed  by  faces  of  a  different  kind  called  the  base  or 
pinacoid.  The  base  may  be  looked  upon  as  the  section  of  the  axis  of 
the  prism,  and  consequently  the  symmetry  of  any  form  is  at  once  deter- 
mined by  that  of  the  base  of  the  prism.  Thus,  in  the  dimetric  system, 
the  base  is  a  square  ;  in  the  trimetric  a  rhomb  or  oblong,  etc  When 
the  variable  axis  of  a  square  pyramid  becomes  infinite  it  passes  into  a 
prism  ;  when  it  becomes  =  0  it  becomes  a  plane  or  base.  The  limiting 
forms  of  the  pyramids  are  therefore  the  prisms  towards  which  the  acute 
series  tend,  on  one  side,  and  the  base  towards  which  the  obtuse  ones 
tend,  on  the  other.  In  those  systems  in  which  all  the  axes  are  unequal, 
and  may  therefore  vary,  there  are  three  sets  of  prisms  corresponding 
with  three  sets  of  pyramids.  Besides  which,  prismatic  forms  can  also 
arise  when  the  secondary  axes  become  infinite. 

There  are  seven  simple  forms  in  the  monometric  system  ;  they  are 
all  closed  forms,  and  three  of  them — ^the  octahedron,  cube,  and  rhombie 
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dodecahedron — are  unique  ;  but  the  parameters  of  the  faces  of  the  other 
four  may  yaiy  within  certain  limits.  Besides  these  there  are  six 
other  closed  forms,  the  faces  of  which  have  the  same  parameters  as 
certain  of  the  seven  forms  first  mentioned,  but  they  differ  from  them  in 
having  only  half  the  number  of  faces.  Hence  these  seven  forms  are 
called  holohedral  forms,  or  whole-faced  forms  ;  that  is,  they  contain  the 
maTimum  number  of  faces  which  could  occur  in  the  system  with  cer- 
tain given  parameters.  The  six  are  termed  hemihedral  or  half-faced 
forms.  Fig.  7  represents  the  hemihedral  form,  the  tetrahedron  in  its 
relation  to  the  holohedral  form  the  octahedron.  Fig.  8  shows  the 
hexagonal  pyramid,  and  its  hemihedral  form  the  rhombohedron,  repre- 
sented by  the  dotted  lines. 

Compound  forms,  as  we  have  before  said,  are  made  up  of  as  many 
forms  as  there  are  different  kinds  of  faces.  The  most  prominent  form 
in  a  combination  is  called  the  dominant  form.  The  combination  takes 
place  by  the  replacement  of  the  edges  or  angles  by  planes.     When  an 
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angle  or  edge  is  replaced  by  a  single  plane,  it  is  said  to  be  truncated  ; 
when  an  edge  is  replaced  by  two  planes,  it  is  said  to  be  bevelled  ;  when 
an  angle  is  replaced  by  two  or  more  phmes,  it  is  said  to  be  pointed.  The 
new  faces  which  thus  replace  the  edges  or  angles  of  the  dominant  form, 
are  termed  modifications,  and  are  produced  according  to  a  definite 
law.  Fig.  9  represents  the  cube  with  its  eight  angles  truncated  ;  the 
faces  of  truncation  would,  if  prolonged  until  they  intersected,  produce 
an  octahedron  ;  hence  such  a  figure  would  be  described  as  a  combina- 
tion of  the  cube  and  octahedron,  the  former  being  the  dominant  form. 
If  the  truncation  were  carried  so  far  that  neither  form  could  be  looked 
upon  as  the  dominant  form,  the  compound  would  be  the  cube- 
octahedron.  Fig.  10  represents  the  twelve  edges  of  the  octahedron 
tnmcated  ;  the  faces  of  truncation,  if  produced  imtil  they  met,  would 
produce  Fig.  11,  the  rhombic-dodecahedron — a  twelve-sided  figure 
bounded  by  twelve  rhombs.  Fig.  12  represents  the  twelve  edges  of  the 
octahedron  bevelled.    The  twenty-four  planes  of  bevelment,  if  pro- 
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dnced  until  they  intersected,  would  produce  Fig.  13,  the  tria'kisoctahe- 
dron,  or   three-fooed  oct*hedTOn,      Fig.    14    represento   a  four-faced 
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pointing  of  the  Bis  angles  of  the  ottahedron  placed  symmetrically  on 
the  faces.  The  fac«B  of  pointing,  if  prolonged  until  they  intersected, 
iTould  produce  a  twenty-four  faced  figure,  called  the  deltoid al-ikosi- 
tetrahedron.     Fig.   10   shows  the  combination  of  the  prism  with  the 
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pyramid  of  the  dimetric  system.  The  dotted  lines  show  the  reMion 
of  the  two  forms.  Fig.  16,  representing  a  common  form  of  olivine, 
will  serve  to  give  an  idea  of  the  combtnatiDns  in  the  rhombic  system. 
Fig.  17,  representing  the  common  form  of  augite  or  pyroxene,  shows 
the  character  of  the  compounds  of  the  clinic  systems. 

The  following  are  the  principal  laws  which  have  been  establiEhed 
in  Crystallography : — 

1.  L»w  of  the  Invariability  of  the  Ansles  of  CiTBtBlB.— This  law,  which 
was  first  su^wted  in  1668  l^  Dominico  Onlielmini  of  Bologni,  but  first  eBtabliaheii 
hj  Roni£  de  I'Isle,  ro*f  be  thus  atated : — The  angles  or  inditiation  of  the  fares  of 
a  crystal  are  ronstant  ud  unchangesble,  howeTer  uncqimlly  the  faces  may  b« 
developed.  The  corresponding  angles  of  diflereDt  oryetalline  specimens  of  UiB 
same  body  do  nut  always  absolutely  agree.  Kokacharaw  has  measured  the 
angles  of  the  parest  crj'atals  of  a  great  many  minerals,  and  found  differences  fr«- 
quentiy  amounting  to  two  or  three  niimitea,  and  sometimes  even  to  ten  minutes. 

2.  The  law  of  the  Farallelunn  of  the  Faces  of  a  Cirstal.— This  law,  dis- 
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coTered  by  Rom^  de  I'lsle,  may  be  expressed  as  follows : — Every  face  of  a  crystal 
has  a  similar  face  paraUel:  to  it,  or  every  figure  is  bounded  by  pairs  of  parallel 
faces,  with  the  exception  of  certain  hemihedral  forms. 

8.  The  law  of  Zones,  first  established  by  Weiss,  may  be  thus  defined  : — In 
general  the  faces  of  forms  are  disposed  in  series  or  zones  parallel  to  one  of  the 
symmetrical  axes,  which  is  hence  called  the  zone-axis.  Thus,  in  every  prism,  the 
faces  of  the  prbm  constitute  a  zone  parallel  to  the  axis  of  the  prism.  Faces  may 
be  in  a  zone  which  do  not  actually  intersect  on  the  form. 

4.  The  law  of  Symmetry,  discovered  by  Haiiy,  may  be  thus  expressed : — 
1,  The  similar  parts  of  crystals, — faces,  edges,  angles,  and  consequently  axes,  are 
all  modified  at  the  same  time  and  in  the  same  manner,  and  the  dissimilar  parts 
are  modified  separately  or  differently.  2,  The  modifications  produce  the  same  effect 
on  the  faces  or  edges  which  form  the  modified  part  when  they  are  equaL  When 
they  are  not  equal,  they  produce  a  different  effect  That  is,  if  an  edge  be  truncated 
or  bevelled,  every  similar  edge  will  be  similarly  truncated  or  bevelled  ;  if  an  angle 
be  truncated  or  pointed,  every  similar  angle  will  be  similarly  truncated  or  pointed ; 
and  consequently  every  similar  axis  will  be  equally  affected  by  the  modifications. 
Thus  the  cube  has  eight  similar  angles  and  twelve  similar  edges.  Theoretically 
we  may  truncate  three  angles  or  five  edges ;  but  in  the  physical  production  of 
crystals,  if  one  of  the  angles  or  edges  be  modified,  all  will  be  similarly  modified. 

This,  which  is  the  most  important  law  of  crystallography,  is,  however,  subject 
to  an  exception  which  was  first  fully  formulised  by  Weiss.  It  may  be  defined 
thus  : — ^All  the  similar  parts  of  crystals — faces,  edges,  angles,  and  consequently 
axes — are  all  modified  at  the  same  time  and  in  the  same  manner ;  or  half  of  them, 
or  one-fourth  of  them.  When  only  half  of  the  similar  parts  are  modified,  we  get 
the  hemihedral  forms  already  mentioned  ;  when  one-fourth  only  are  modified, 
which  occurs  only  rarely,  we  get  what  are  called  tetartohedral  forms.  Thus,  if 
only  four  of  the  eight  angles  of  the  cube  be  modified  alternately,  we  get  the  hemi- 
hedral form,  the  tetrahedron.  In  the  monometric  system  the  two  hemihedral 
forms,  which  each  holohedral  form  may  yield,  are  geometrically,  and  to  a  great 
extent  physically,  identical ;  but  in  the  less  synunetrical  systems  they  are  different. 
Delafosse  *  and  others  look  upon  hemihedral  forms  as  only  an  apparent  exception 
to  the  law  of  symmetry.  Iliey  consider  that  the  molecules  of  hemihedral  forms 
are  different  from  those  of  holohedral,  and  hence  derive  each  kind  of  hemihedral 
forms  from  a  hemihedral  fundamental  form.  Thus,  in  the  monometric  system, 
the  seven  holohedral  forms  should  be  derived  from  the  octahedron  ;  the  four 
inclined-faced  hemihedral  forms  should  be  derived  from  one  of  them,  the  tetrahe- 
dron  ;  the  two  parallel-faced  hemihedral  forms  from  one  of  them,  the  pentagonal 
dodecahedron.  They  also  consider  that  the  forms  which  occur  in  natural  combi- 
nations always  belong  to  the  same  type  ;  that  is,  hemihedral  forms  never  occur  in 
combinations  with  true  holohedral  ones,  or  the  converse,  consequently  wlien  the 
rhombic  dodecahedron,  tetrakis-hexahedron  or  four-faced  cube,  and  the  cube, 
occur  in  combination  with  any  of  the  inclined-faced  hemihedral  forms  (and  they 
are  the  only  apparent  holohedral  ones  which  do),  they  are  molecularly  true 
hemihedral  form&  Those  foniis  could  not  in  fact  give  inclined-faced  hemihedral 
closed  forms.  The  left  and  right  handed  form,  derivable  from  the  cube,  would 
simply  make  a  cube.  The  forms  of  the  hexagonal  system  should,  according  to 
this  view,  be  referred  to  six  fundamental  forms.  If  this  view  were  adopted — and 
there  can  be  no  doubt  that  it  expresses  accuAtely  the  way  in  which  combinations 
really  do  occur  in  nature — hemihedry  would  not  any  longer  form  an  exception  to 
the  law  of  Haiiy. 

5.  The  law  of  the  Bationality  of  the  Parameters  of  the  Faoes  of  Orys- 

*  **  Recherches  sor  la  Cristallisation  consider^  sons  les  rapports  Physiques  et  Mathe- 
matiques,**  par  G.  Delafosse,  Mim.  de  I'Aoad.  RoyaU  de$  Sdence*.  t  viii.  des  Savants 
Btnugen,  1848 ;  also  his  Nonveau  Qmn  de  MinercUogie,  8  vols.  1858. 


talline  Beriei,  fint  indicated  by  MaliiB.*    If  in  any  crjetalliae  serios  <ate  form 

ba  select«d  ma  the  type  or  fnniUineulai  fono,  ind  its  purajnatere  be  repiBsenttd  by 
a  ■  b  :  e;  then,  it  one  of  the  paniDetcri,  for  eiample  c,  of  every  face  occiuring  in 
the  aeriea  bt  aaaumed  equal  to  that  of  the  type,  the  others  irill  t>e — 
ma    :  «b    :  c 

The  factors,  m,  m',  W,  etc.,  n,  n',  n',  etc.,  which  are  calied  the  coafficiBnta  (rf 
deriTBtioD,  are  always  rational  quantities,  and  Tery  simple  Dumt>ers,  such  as  ),  4, 
ii  ii  1<  },  'i,  3t  ^  etc.  Irrational  valae*  cannot  occur,  Hus  the  panmeters, 
a  :  ft  :  0  of  the  type  or  fundamental  chonibic  pyramid  of  the  crysUlline  seriei  irf 
angleaite  or  plumbic  sulphate,  tu  determined  hy  Kukscharow,  are  in  the  ratio  of 
0'775CS  :  1  :  0-60861,  and  those  of  the  other  faces  as— 

ma      :  n»      :  c  =  {  (0-775S6)  :   4   :  0'60891 

m'a    :  n'6    :  o  =        0-77556    :   J  :  0'6089* 

m'a    i  n"b    ■  c  =        077656    :  2  ;  0'6089* 

Bi'o    ;  n"A    :   c  =  J.  (0-77566)  :  j   :  0-6089* 

tn-o  :  n"*  ;  c  =  oc  :   i   :  0-8089*  i 

KfH   :  n'i    :  c  =  K         :  i   :  0-e0894 

The  numerical  eipreasions  for  the  coefficient*  of  derivation,  m,  m',     .     .     .      . 

n,  n',  etc,  are  eoneequenlly  the  very  simple  numbera,  (,  {,   J,   1,  |,  2,  « .     No 

faces  can  occur  on  any  crystal  of  angleaile,  the  ratio  of  the  parametera  of  which 

omnot  be  eipressad  by  numbers,  which,  like  the  preceding,  are  aliquot  parts  or 

multiples  of  those  of  the  type  form.      The  symbol  tc  implies  Chat  the  distance  at 

which  the  face  meanured  along  the  aiis  a  should  cut  that  aiis  is  infinite,  or  in 

other  words  is  parallel  to  it.     This  beautiful  law  of  form  represents  Daltoo'e  law 

of  multiple  proportion  by  weight,  and  Gay-Lussac's  law  of  multiple  proportioD  in 

combinations  by  volume. 

Fig.  IS  represents  three  coordinate  axes.  The  aeries  of  triangles  represent 
a  number  of  faces  cutting  the  three  halt-aiea.  In 
order  to  nimplify  the  figure,  the  aecondary  axes  are 
supposed  equal— that  is,  the  faces  to  belong  to  the 
dimetric  system,  in  which  only  one  aiis  carica,  while 
anglesite  belongs  to  the  rhombic  system.  The  para- 
meters, ft  and  e,  are  equal,  while  the  parameters  ■>  a, 
ma,  ui'o,   etc.,  are  i,  i,  j,   etc,  of  c,  or  2,  S,  etc, 

S.  The  Law  of  Oryitalliiia  Oombinatioa. — 
This  law  is  the  consequence  of  the  Law  of  Symmetry, 
and  the  Law  of  the  Kationality  of  the  Parameters  of 
Crystalline  Series,  and  has  been  partially  slated  in 
describing  those  laws.  It  may  he  thus  expressed  : — 
1.  A  substance  can  only  crystallise  in  forms,  whether 
simple  or  compound,  which  have  the  same  relative 
symmetry,  that  is,  belong  to  the  same  crystallina 
system,  and  the  parameters  of  the  faces  of  which  bear 
a  simple  relation  to  each  other,  that  is,  beloog  to  the 
same  series  ;  2,  A  form  cannot  be  modilied  hy  face* 
belonging  to  a  different  system  or  a  different  serin. 
There  are  some  exceptions  to  the  Hrst  part  of  this 
law,  which  wilt  be  described  under  Altotropy  ot 
^-  '*■  Polymorphism. 

*  TMmlt  lU  la  doaUi  IU/*iiitUm  dt  la  iMmltn  4au  It4  nMuuntryilaaMH.    FaxB.  U 

Jos.    Paris,  1810,  p.  Iti. 
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CrystallogenesiB. — Ciystals  can  only  be  formed  when  the  chemi- 
cal molecules  are  free  to  arrange  themselves  into  crystalline  molecules. 
The  processes  by  which  they  can  be  formed  artificially,  and  by  which 
there  can  be  no  doubt  they  were  formed  naturally,  may  be  classified 
under  three  heads  : — 1.  Solution  ;  2.  Fusion  ;  and  3.  Sublimation. 

Soluticn, — ^By  solution  is  to  be  understood  solid  bodies  dissolved  in  a  sub- 
stance which  is  permanently  liquid  at  ordinary  temperatures,  such  as  water,  which, 
with  perhaps  very  few  rare  exceptions,  is  the  only  solvent  used  in  the  natural 
formation  of  crystals  at  ordinary  or  moderate  temperatures.  When  a  number  of 
chemical  substances,  one  of  which  predominates  in  mass,  are  fused  together,  the 
fused  mass  may  be  considered  in  a  certain  sense  as  a  solution  of  those  in  small 
quantity  in  the  more  abundant  one.  But  it  will  be,  for  obvious  reasons,  more 
convenient  to  confine  the  term  solution  to  the  result  of  the  dissolution  of  solid 
bodies  in  water  or  other  liquids. 

Nearly  every  substance  in  nature  is  perhaps  soluble  to  some  extent  in  water  ; 
bat  while  some  may  be  able  to  dissolve  in  their  own  weight  of  it,  others  require 
several  million  times  as  much.  Again,  some  are  capable  of  existing  in  a  very 
soluble  and  also  in  a  difficultly  soluble,  or  what  is  called  in  practice  an  insoluble 
state,  of  which  we  shall  speak  under  Allotropism.  The  separation  of  crystals 
fo>m  solutions  is  influenced  by  a  great  many  causes,  such  as  the  temperature  of 
the  solution  and  the  variations  of  temperature,  hygrometric  state  of  the  air, 
the  more  or  less  rapid  renewal  of  air,  pressure,  degree  of  concentration,  rapidity 
or  slowness  of  the  evaporation,  the  state  of  repose,  etc.  The  temperature  of  the 
solution,  the  depth  of  the  solution,  the  surface  of  the  containing  vessel  or  cavity, 
the  position  where  the  crystal  begins  to  form,  also  influence  the  form  of  the 
crystal,  the  modifications  which  occur  on  each  crystal,  their  mode  of  grouping, 
and  their  imperfections.  Thus,  crystals  formed  on  the  surface  of  a  solution,  and 
which  hang  down  in  tiie  fluid,  are  generally  of  large  sixe,  but  if  they  are  termi- 
nated by  pyramidal  ends,  the  latter  are  shortened  and  badly  formed ;  those  which 
form  on  the  bottom,  and  project  into  the  solution,  are  generally  regular,  and  the 
ends  are  also  better  formed  ;  those  which  grow  on  the  sides,  develop  the  upper 
faces  more  than  the  lower.  Again,  if  crystals  of  a  different  substance  separate 
afterwards,  they  will  deposit  on  the  previous  ones  in  a  diffierent  way,  according  as 
they  grow  on  the  bottom,  sides,  or  top. 

Crystals  formed  in  fine  non-coherent  matter  in  suspension,  do  not  appear  to 
differ  in  form  from  those  which  grow  in  pure  solutions.  Suspended  matter  some- 
times retards  the  formation  of  crystals.  Crystals  formed  in  deposited  sediments 
are  more  regular  and  less  modified  than  in  pure  solutions  ;  if,  however,  the  solu- 
tion be  strong,  the  faces  are  hollowed  and  imperfect.  The  particles,  when  not 
coherent — as,  for  instance,  fine  sand — are  moved  in  obedience  to  the  crystallising 
force,  and  become  regularly  dispersed  through  the  crystal  In  this  way  the  tes- 
sellated structure  of  the  variety  of  andalusite  knovm  as  chiastolite,  and  of  some 
kinds  of  staurotide,  may  be  accounted  for.  The  curious  concretions  formed  in 
the  Fontainebleau  sand  by  the  infiltration  of  a  solution  of  calcic  carbonate,  or 
carbonate  of  lime,  in  water  containing  carbonic  acid,  in  which  a  small  quantity  of 
that  salt  builds  up  regular  rhombohedrons  by  cementing  together  a  laige  quantity 
of  sand,  is  another  example.  The  rock  known  as  quartz  rock  appears  to  be 
quartz  sand  cemented  by  a  small  quantity  of  felspar.  The  planes  of  fracture,  or 
joints  of  this  rock,  seem  to  be  all  parallel  to  faces  of  the  crystalline  series  of 
orthoclase,  and  oft^  give  pieces  which  may  be  regarded  as  felspar  crystals. 

M.  Beudant  has  shown  that  crystals  formed  in  gelatinous  matter  suffer  few,  if 
any,  modifications.  The  crystals  so  formed  are  generally  isolated,  well  defined, 
and  regular.     This  fact  is  of  considerable  geologicid  interest.    Thus  we  often  find 
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doubly-terminated  crystals  of  quartz  in  certain  clay  deposits,  especially  in  Teina 
which  are  sometimes  mineralised.  Their  occurrence  consequently  proves  that  the 
clay,  or  clay-like  mineral,  had  been  in  a  more  or  less  gelatinous  state,  and 
deposited  from  water. 

The  presence  of  other  chemical  substances  in  the  solution  also  appears  to 
influence  the  forms  of  the  crystals,  even  where  they  do  not  combine  with  the 
body  crystallising.  Thus  alkaline  carbonates  appear  to  cause  calcic  carbonate,  or 
carbonate  of  lime,  to  crystallise  in  rhombic  forms  as  arragonite  at  ordinary  tern- 
peratures,  while  it  crystallises  in  forms,  of  the  hexagonal  system,  from  pure  solu- 
tions, under  the  same  conditions.  Alum,  which  crystallises  usually  in  cubes 
slightly  truncated  on  the  edges,  yields  a  combination  of  the  cube  and  octahedron 
in  nitric  acid  ;  and  the  cube  with  bevelled  edges,  that  is  with  faces  of  the  tetrakis- 
hexahedrou  or  four^faced  cube,  in  hydrochloric  acid.  If  a  salt  crystallises  out  of 
a  solution  containing  several  other  crystallisable  salts  incapable  of  chemically 
combining  so  as  to  produce  a  homogeneous  crystal, 'the  crystals  formed  are 
frequently  modified.  Thus  common  salt,  which  crystallises  in  cubes  from  most 
solutions,  crystallises  in  cube  octahedrons  from  a  solution  containing  boracic  acid, 
of  which  examples  are  found  in  nature  in  the  Staasfurth  salt-deposit.  Again, 
some  salts  in  crystallising  have  the  faculty  of  carrying  with  them  a  more  or  less 
considerable  quantity  of  the  other  salts.  Leblanc  obtained  crystals  having  the 
form  of  ferrous  sulphate,  which  contained  half  their  weight  of  cupric  sulphate. 
Beudant  obtained  similar  crystals  containing  85  jwr  cent  of  sulphate  of  zinc  ;  and 
others  containing  97  per  cent  of  sulphate  of  copper  of  zinc. 

Professor  T.  P.  Cooke  of  Harvard  College  has  described  a  remarkable  example 
of  the  same  kind.  Zinc  and  antimony  form  two  definite  crystalline  alloys, 
SbjZn",  and  Sb^',.  The  former  crystallises  in  long  acicular  prisms  from  a  fused 
alloy  of  those  metals,  containing  42*8  i)er  cent  of  zinc.  If  the  quantity  of  zinc 
be  gradually  increased,  the  same  kind  of  crystals  continue  to  be  formed,  but  in 
diminishing  perfection  and  size,  up  to  and  even  beyond  60  i>er  cent  of  zinc.  The 
most  perfect  crystals  contained  from  42*83  to  43*15  per  cent  of  zinc  As  the 
quantity  of  zinc  in  the  mixture  was  increased,  the  proportion  in  the  crystals 
increased  also.  Definite  crystals,  containing  as  much  as  55  per  cent,  were  obtained 
in  this  way  from  an  alloy  containing  60  per  cent  of  zinc — ^that  is,  12  per  cent 
more  than  the  normal  proportion.  When  the  percentage  of  zinc  fell  below  42, 
the  alloy  Sb^n'^,,  crystallised  in  broad  plates,  containing  33*62  per  cent  of  zinc 
These  crystids  were  most  perfectly  formed  in  an  alloy  containing  29*60  of  zinc. 
When  the  proportion  of  zinc  was  diminished,  the  broad  plates  were  still  formed, 
even  in  a  mixture  containing  only  20*12  per  cent  of  zinc  The  crystals  represent- 
ing the  typical  formula  Sb^Zn^,  could  contain  an  excess  of  zinc  or  of  antimony, 
the  limits  of  those  analysed  being  from  35*37  per  cent  of  zinc  to  24*83,— or  an 
excess  of  antimony  of  1  '75  per  cent,  or  of  zinc  of  8*79  per  cent.  The  crystals  of 
the  typical  formula  Sb^Zn  3,  could  only  crystallise  with  an  excess  of  zinc,  the 
limits  of  the  crystals  an^ysed  being  from  42*83,  the  normal  composition  to  64*15 
per  cent  of  zinc,  or  an  excess  of  21  *32  per  cent.  Perfectly  definite  crystals  did 
not,  however,  contain  more  than  55  per  cent  of  zinc,  or  an  excess  about  12  per 
cent  • 

This  chemico-mechanical  association  of  several  bodies,  with  the  conservation  of 
the  crystalline  form  of  one  of  them,  is  of  the  highest  importance  in  mineralogy, 
for  it  shows  the  extent  to  which  the  chemical  constitution  of  a  crystalline  species 
might  deviate  from  the  normal  type.  It  proves,  in  fact,  that  a  crystal  may  be 
built  up  of  difierent  chemical  molecules,  without  any  real  chemical  combination 
taking  place.  The  crystal,  however,  is  subject  to  modification  in  growing  under 
such  circumstances.  Thus  crystals  of  ferrous  sulphate  are  rhombohedrons  if 
mixed  with  cupric  sulphate  ;  rhombohedrons  truncated  on  the  hexagonal  angles  if 
mingled  with  magnesic  or  zincic  sulphate  ;  and  truncated  on  the  other  an^es  if 
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mixed  with  alarainic  sulpliate.  Many  of  the  phenomena  at  one  time  attributed 
te  isomorphism  belong  to  this  category,  as  was  first  suggested  by  Frankenheim. 
In  such  compound  crystals  the  different  molecules  appear  to  be  buUt  up  in 
regular  layers  in  the  crystals.  This  is  shown  by  the  fact  that  a  very  small 
quantity  of  ammonia-alum  gives  to  common  potash-alum  the  property  of  lamellar 
polarisation,  a  phenomenon  due  to  the  successive  layers  of  the  two  salts.  Again, 
minerals  made  up  of  such  mixtures  are  usually  opaque,  even  when  the  constituent 
bodies  form  transparent  crystals  alone.  The  angles  of  compound  crystals  also 
vary  sometimes  to  the  extent  of  degrees.  It  is  especially  in  cleavage  that  the 
effect  of  mixture  in  crystals  is  most  marked.  It  rarely  happens  that  the  planes 
of  cleavage  go  through  the  successive  layers  as  regularly  as  it  does  in  the  crystals 
of  the  pure  substance.  WhUe  one  of  the  planes  of  cleavage  may  be  exactly  of  the 
same  character  as  in  the  latter,  others  are  found  to  be  uneven,  unequal  in  lustre, 
and  more  difficult  to  be  attained. 

Microscopical  investigations  confirm  what  has  been  just  said  about  mixtures  in 
crystals.  It  has  been  found  that  almost  all  crystals  contain  hollows  or  pores, 
some  empty,  and  some  filled  with  foreign  matter.  These  hollows  are  of  different 
sizes,  and  though  not  in  general  regularly  distributed,  they  sometimes  occur 
parallel  to  each  other  within  the  crystal — thus  showing  the  successive  growth  of 
the  crystaL  The  hollows  are  sometimes  large  enough  to  be  seen  by  ^e  naked 
eye,  but  the  majority  are  microscopic  Quartz  is  especially  remarkable  for  the 
number  of  porea  distributed  through  the  whole  mass  of  the  crystal ;  some  being 
not  more  than  0*001  of  a  millimetre,  or  the  0 '00003937th  of  an  inch.  Some  of 
the  hollows  appear  partially  filled  with  liquid.  The  existence  of  cavities  contain- 
ing liquids  in  rock-crystal  attracted  the  attention  even  of  Roman  poets.  Among 
naturalists  one  of  the  first  who  devoted  real  attention  to  the  existence  of  cavities 
and  foreign  substances  was  Rom^  de  I'lsle.  Brewster  also,  by  his  papers  on  the 
carities  in  topaz  crystals,  directed  attention  to  the  importance  of  the  subject. 
But  it  is  chiefly  from  the  microscopic  researches  of  Sorby,  Zirkel,  and  others,  that 
the  sutgect  has  become  of  the  highest  importance  to  the  geologist  The  study  of 
the  internal  structure  and  foreign  mixtures  in  crystals  is  the  surest  means  to 
determine  the  mode  of  formation  of  crystalline  rocks.  The  cavities,  when  they 
contain  fluids,  are  generally  only  partially  full,  the  rest  of  the  space  being  filled 
by  gas.  In  some  crystals  the  fluid  is  water,  but  carbo-hydrogens  appear  also  to 
be  present  In  the  latter  case  the  gas  may  be  marsh-gas.  The  gas  in  the  cavities 
of  the  explosive  salt  of  Wieliczka  was  shown  by  Dumas  to  contain  carburetted 
hydrogen.  Sorby  has  used  the  proportion  between  the  space  in  the  cavities  filled 
by  water,  and  that  of  the  whole  cavity,  to  determine  the  probable  temperature  at 
which  the  crystals  were  formed.  While  there  can  be  no  doubt  that  the  existence 
of  such  cavities,  partially  filled  with  fluid,  proves  that  the  crystals  must  have 
been  formed  at  a  low  temperature,  the  determinations  of  temperatures  made  with 
such  data  must  be  received  with  great  caution,  inasmuch  as  such  partially-filled 
cavities  are  sometimes  formed  in  crystals  separating  from  even  cold  solutions 
saturated  with  carbanhydride  or  carbonic  acid  gas. 

Crystals  also  often  contain  other  minerals  enclosed.  The  most  fi-equent 
enclosing  minerals  or  perimofjih$^  are — quartz,  calcite,  fluorspar,  barytes,  felspar, 
tourmaline,  etc. ;  and  the  most  frequent  enclosed  minerals,  or  endomorpfU,  copper 
pyrites,  iron  pyrites,  gothite,  asbestos,  and  chlorite.  The  term  Paragenesia  has 
been  used  to  indicate  this  kind  of  association  of  minerals.  It  is  only  lately  that 
its  real  importance  has  begun  to  be  appreciated  by  geologists. 

Fudon, — If  a  crystallisable  simple  body,  like  sulphur  or  bismuth,  or  some 
definite  compound  not  easily  decomposed  by  heat,  be  melted,  and  then  allowed  to 
solidify  by  slowly  cooling,  Uie  mass  will  exhibit  crystalline  structure.  If  cooled 
rapidly,  the  mass  will  be  often  so  compact  that  this  structure  will  not  be  so 
evident  If,  while  the  mass  is  solidifying,  tiie  still  fluid  part  in  the  interior  be  rapidly 
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removed,  the  cavity  left  will  be  found  full  of  crystals.  It  is  in  this  way  crystals 
of  those  bodies  are  obtained.  The  removal  of  the  liquid  porti(Mi  of  a  crystallising 
mass  from  about  the  first-formed  crystals  could  only  occur  in  nature  under  very 
exceptional  conditions.  In  general,  where  we  find  in  nature  crystallised  rocks  of 
undoubted  igneous  origin,  the  crystals  have  separated  from  a  fused  m&M  of  com- 
plex composition,  which  acts  as  if  it  were  a  solution.  If  the  unsolidified  mass  in 
which  the  crystals  form  be  thick,  like  fused  glass,  the  crystals  will  not  sink 
through  it ;  and  if  it  continues  in  a  thick  condition  for  a  long  time,  at  the  point 
at  which  crystals  can  just  form,  lai^e  crystals  may  be  formed  which  will  appear 
scattered  through  a  crystalline  mass  of  a  more  or  less  different  composition,  which 
may  be  compact,  or  crypto-crystalline,  or  formed  of  an  aggregate  of  small  crystals. 
Such  are  the  rocks  call^  porpnyries,  some  of  which  were  so  formed  ;  but  others 
may  never  have  been  fused  at  idl.  Crystals  separating  from  such  a  mass  carry 
with  them  some  of  the  other  constituents  of  the  fused  mass,  in  the  same  way  that 
salts  separating  fh>m  solution  in  water  carry  with  them  more  or  less  of  the  other 
salts  present  It  is  in  this  way,  no  doubt,  that  aluminous  augites  and  horn- 
blendes are  formed  in  the  midst  of  a  felspar  mass  in  true  igneous  rocks.  At  a 
certain  stage  of  thickness  of  the  ftised  mass  it  must  act  towards  the  crystals  form- 
ing in  it  much  in  the  same  way  as  gelatinous  deposits  do  to  crystals  formed  in  the 
wet  way — ^namely,  to  produce  isolated  crystals  of  comparatively  simple  forms. 

The  experiments  of  Ebelmen  bear  out  fully  what  has  been  just  stated,  as 
well  as  the  earlier  ones  of  Bei-thier.  By  means  of  fluxes,  such  as  boradc  acid, 
S)dic  silicate,  etc.,  but  especially  the  former,  in  which  he  dissolved  the  materials 
at  the  continuous  high  temperature  which  he  was  able  to  command  in  the  porce- 
lain furnaces  at  Sevres,  he  succeeded  in  producing  crystals  of  the  hardest  and  most 
infusible  substances,  such  as  quartz,  corundum,  spinel,  emerald,  etc  These  were 
formed  sometimes  by  simple  decomposition,  with  the  separation  of  one  of  the  new 
bodies  in  a  crystalline  form,  just  as  so  many  compounds  are  formed  in  aqueous 
solutions  ;  and  sometimes  by  the  evaporation  of  the  flux.  Thus,  on  introducing  a 
bit  of  lime  into  fused  borate  of  magnesia,  the  magnesia  was  precipitated  in  trans- 
parent regular  octahedrons,  identical  with  the  Vesuvian  mineral  peridase.  M. 
Gaudin  used  sulphate  of  potash  as  a  flux,  and  by  dissolving  alum  in  it  he  produced 
corundum.* 

SublimcUian, — Crystals  may  be  formed  by  sublimation  in  two  ways — First,  by 
direct  sublimation  of  bodies  like  iodine,  arsenic,  cinnabar,  etc,  or  by  the  double 
decomposition  of  bodies  in  the  state  of  vapour.  M.  Durocher,  by  acting  upon  the 
vapours  of  metallic  chlorides  by  means  of  sulphide  of  hydrogen  in  tubes,  heated 
between  the  temperature  of  boiling  water  and  a  dull  red  heat,  obtained  crystals  of 
pyrites,  blende,  sulphuret  of  antimony,  galena.  By  other  reactions  made  in  the 
same  way,  he  produced  magnetic  oxide  of  iron,  specular  iron,  and  indeed  most  of 
the  minerals  found  in  mineral  veins.  M.  Daubr^e  obtained  analogous  results  by 
acting  on  vapour  containing  the  radicle  of  the  mineral  he  wished  to  form,  heated 
in  a  tube  to  a  white  heat  with  steam.    Like  M.  Durocher,  M.  Daubr^e  chiefly 

*  Bertliier,  AnndUs  de  Chimie  et  de  Physiqw,  t  xxiv.  p.  363, 1S23.  Ebelmen,  AnndUt  de 
Chimie  etde  Physique,  t.  xxii.  p.  221, 1847  ;  and  t.  xxv.  p.  279, 1851 ;  AniuUe$  des  Mint*,  5nie 
Berie,  t.  ii.  p.  359.  Hausmann,  Beitrdge  zur  MetaUurgiscken  KrystaUkunde,  Abhand.  d.  KoHig. 
GesellMch.  der  WisseTUck.  tu  GotHngen,  vol.  iv.  1850,  5th  vol  1852.  Von  Leonhard,  HutUnenevif- 
nisse,  1858.  Ourlt,  Pyrogennete  kUrutliche  MinercUien,  1857.  Gaudin,  Compt.  Rend,  t  xlvi. 
p.  765,  1857.  Manross,  ExperimenU  on  the  Art\/ieial  Production  of  MineraUf  Gottiugen, 
1852,  and  Annalen  der  Chemie  u.  Phartnacie,  Bd.  Ixzx.  p.  348, 1852.  Breithanpt,  Die  Para- 
geneeis  der  Mineralien.  S5chtiDg,  Die  EinsMusse  von  Mintralfen,  1860.  G.  Rose,  Ueber 
die  heteromorphen  Zurtande  der  Kohlensauren  Kaikerde,  Ahhandl.  d.  Akadem.  vu  Berlin^  18r6, 
1858.  Sorby,  "  On  the  Microscopical  Stmcture  of  Crystals,"  etc,  Quarterly  Joum.  o/Geoloff. 
Society,  185^  p.  453,  and  several  other  valuable  memoirs  in  the  same  journal. 
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used  the  chlorides  of  the  metals,  hut  he  thinks  that  fluorine  ¥ra8  largely  used  for 
that  purpose  in  nature.  Bj  this  process  he  produced  crystals  of  oxide  of  tin, 
hrookite,  quartz,  apatite,  and  topaz.  MM.  Henri  Deville  and  Caron  actually  pro- 
duced corundum,  variously  coloured,  and  staurotide,  by  the  mutual  reaction  of 
volatile  fluorides  and  oxides  at  a  very  high  temperature.  That  some  minerals  may 
have  been  formed  naturally  in  this  way  is  very  probable,  but  before  coming  to  a 
conclusion  as  to  the  mode  of  genesis  of  any  given  crystal,  we  should  know  its 
whole  history.  It  is  not  enough  that  a  given  substance  could  be  made  to  crystal- 
lise, by  a  certain  process,  to  prove  that  the  natural  crystal  was  formed  by  that 
process. 

The  second  way  in  which  crystals  may  be  fonned,  by  sublimation,  is  indirectly 
by  means  of  vapours  or  gases.  The  method  of  MM.  Durocher  and  Daubr^e  is,  to 
a  certain  extent,  an  example  of  this  indirect  sublimation.  But  the  vapour  of 
water,  and  indeed  all  vapours,  have  the  power  of  transporting  other  substances, 
even  solids,  without  exerting  any  action  upon  them.  Thus  boracic  acid,  which 
volatilises  at  so  high  a  heat  that  Ebelmen  was  able  to  use  it  as  a  flux,  is  carried 
over  so  freely  by  ^e  vapour  of  water,  that  Uurge  quantities  may  be  distilled  over 
in  that  way  in  a  comparatively  short  time.  It  is  in  this  way  it  escapes  by  the 
Sufiloui,  in  the  ancient  volcanic  district  of  Tuscany.  The  transporting  power  of 
superheated  steam  is  very  great,  as  has  been  shown  by  Mr.  Jefirey,  in  the  case  of 
silica,  which  freely  volatilised  in  a  current  of  steam  heated  to  the  temperature  of 
melting  cast-iron,  and  deposited  in  snow-white  crystals  as  it  cooled  in  the  air.* 

Imperfections  of  Crystals,—  It  is  evident,  from  what  has  been  said  about  the 
formation  of  crystals,  that  natural  crystals  are  very  seldom  perfect.  The  chief 
deformities  are  the  following : — Striation  of  the  faces,  which  gives  to  the  faces  the 
appearance  of  having  the  surface  ruled  with  a  great  number  of  fine  lines.  A  face 
is  said  to  be  drusy  when  a  number  of  very  small  angles  of  other  crystals  project 
from  it,  clo«e  together  and  in  parallel  position,  as  in  some  varieties  of  fluor-spar. 
Faces  are  sometimes  rough,  owing  to  the  projection  of  such  points,  which  can  only 
be  seen  when  it  is  magnifi^  Faces  sometimes  seem  curved,  as  in  tourmaline  and 
beryl,  especially  from  the  same  cause  that  produces  striation — ^namely,  the  union 
of  a  multitude  of  crystals  together,  the  faces  of  which  are  not  in  the  same  plane. 
Id  some  crystals,  as  in  chalybite,  gypsum,  and  the  diamond,  there  is  a  regular 
arching  of  the  faces,  which  is  not  due  to  combination.  Sometimes  the  crjrstal  is 
not  equally  built  up  about  the  centre,  so  that  the  figure  looks  as  if  it  belonged  to 
a  different  system.  One  of  the  results  of  this  deformity  is,  that  the  full  number 
of  faces  which  belong  to  a  particular  form  may  not  be  present,  especially  the  com- 
bination faces.  Sometimes  a  crystal  looks  as  if  it  consisted  of  a  frame  of  edges, 
the  faces  being  like  hoppers,  each  being  formed  by  the  step-wise  growth  of  the 
crystalline  molecides.  This  formation  is  especially  remarkable  in  common  salt,  in 
which  each  face  of  the  cube  consists  of  a  hopper  or  inverted  hollow  four-sided 
P3rramid,  the  sides  of  which  consist  of  a  succession  of  steps.  The  deviation  in  the 
angles  has  already  been  spoken  of :  this  deformity  is  so  common  that  a  distinct 
name,  teratology,  has  been  even  proposed  for  its  study.  Perfect  crystals  can  only 
be  formed  where  the  crystals  grow  isolated  in  suspension ;  all  crystals  that  grow 
opon  Uie  sur&ces  of  other  crystals,  or  the  walls  of  a  druse,  etc. — that  is,  all  cry- 
stils  formed  in  groups — ^must  be  imperfect.  As  prisms  are  combinations  of  end- 
less open  forms,  with  two  planes  forming  the  base  or  pinacoid,  the  growth  of  the 
prism  may  take  place  indefinitely  in  the  direction  of  the  endless  axis.  Each  new 
prism  or  block  added  on  may  be  smaller  than  its  predecessor,  by  which  a  needle  is 

*  Daubrie,  "Rechercbes  snr  la  production  artiflcielle  de  quelqnes  espies  Min6ralc8 
CristalUnes,**  etc.,  AnndUs  de*  Mines,  4me  Sirie,  t.  xvL  1849,  t  xiz.  p.  669,  1851,  5me 
S^rie,  t  L  1852  ;  C<mpte$  Rendus,  t.  xxzv.  p.  261, 1852.  Durocher,  Comptes  RenduSf  i.  xxxii. 
p.  823.    Jeffrey,  in  Report  of  tKe  BritUh  AssodatUm  for  1840. 
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produced.  All  prisma  are  eapabls  of  uoming  this  acicular  form.  Or  tlie  growth 
of  the  prism  may  Uka  place  in  the  direction  of  the  ■ecoadarl'  Uea,  by  which 
tabular  or  lamellu'  cryntals  may  be  formed.  As  might  be  eipected,  it  ia  only  the 
crystals  beloDgii^  to  the  aystems  with  varial>Je  axea,  that  are  lubject  to  tfae« 
Wodee  of  growth.  Sometimes  crystals  »ie  b«nt  so  as  to  form  a  regular  cnrve  ; 
quarti  aad  berj'l  are  oftea  heat  io  this  way,  as  if  they  bad  been  subject  to  great 
pressure  obhquely.  Qusrti  crystals,  luid  sometimee  beryls,  are  found  wiUi  one  or 
more  edges  pressed  flat,  as  if  chamfered  off ;  and  somo  are  found  which,  ■  short 
way  above  the  root  of  the  crystal,  are  pressed  out  uneTenly  iuto  a  thinner  crystaL 
Like  the  eoclosures  of  crystals,  these  imperfectiooa  are  of  conaiderabla  importance 
to  the  geologist  in  connection  with  petrogenesis,  or  the  formation  of  rocks. 

Tiniiu. — Crystalline  motecuiea  oRcn  combine  to  form  ijistema  of  two,  three, 
or  mare,  which  become  the  nuclei  of  double,  treble,  etc,  crystals.  A  double 
crystal  is  called  a  twin.  Twins  are  sometimes  classiBed  into  matagenic  and  pan- 
genic  :  the  former  are  those  in  which  the  individnal  crystals  hare  a  common 
centre  ;  the  paragenie  those  in  which  the  individual  crystals  bare  not  a  common 
centre.  When  a  matagenic  twin  is  composed  of  two  half-crystals  twisted  half 
round  on  a  common  axis,  it  is  called  a  hemitrepe.  When  two  crystals  penetrala 
each  other,  but  ao  tbat  they  are  in  diSereat  poaitions,  it  is  called  an  inoecnlatiog 
twin.  Thus,  two  cubes  are  often  found  inosculating,  the  heiagonal  axis  or 
diagonal  of  one  coincidiog  with  the  tetragonal  axis  of  another,  and  consequently 
projecting  from  the  centres  of  the  faces  of  the  other.  Some  psrsgenic  twins  form 
an  angle  with  each  other,  like  the  knee-joint ;  they  are  hence  called  genicular  twins. 
Prismstic  matagenic  twins  sometimes  form  Latin  or  Greelc  creaaes.  which  are 
chomcteristic  of  some  minerals.  Some  crystals  are  often  made  np  of  as  many  as 
six  individuals.  The  plane  alung  which  the  individusl  crystals  of  a  twin  join,  is 
called  the  twin  plane,  sod  is  always  parallel  to  a  face  of  the  crystal,  i: 
which  can  occur  in  the  series,  and  very  often  to  that  of  the  type  or  fum 
form  of  the  series.  Twin  crystals,  especially  of  those  substances  which  occi 
cli  iefly  in  prismatic  forms,  are  consequently  of  great  valna  to  the  mineralogist. 


Fig.  !1.  Fig.  IS. 

Pig.  19  Is  a  bemitrope  of  spinel ;  Fig.  SO  il  a  hemltrope  of  cassiterite,  or  oiide 
of  tin  ;  both  are  also  matagenic  Fig.  21  is  an  siample  of  an  inosculating  twin  ; 
Fig.  22  is  a  genicular  twin  of  mtile.     The  twin  plane  Is  well  marked  in  Fig.  22. 

The  sncceaaiTe  building  np  of  lar^e  crystals  is  sometimea  shown  by  the  layen 
being  of  different  colour ;  or  occasionally  by  a  small  crystal,  often  coated  with 
■mall  crystalline  scala  of  some  other  mineral,  forming  a  nucleus  around  which  has 
grown  a  larger  crystal  in  successlTe  shells.  Each  shell  appears  to  repreaent  a 
period  of  growth  which  was  Interrupted  by  some  cause,  the  tiilly-fonnBd  coated 
nucleoB  marking  a  considerable  inlerral  during  which  a  change  took  place  in  the 
fluid  in  which  the  crystal  grew.  Fluor-spar,  qnarti,  Idocrnse,  and  epidote,  are 
especially  chonclerised  by  this  growth  in  successive  shells.     Some  lar;ge  crystals 
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seem  to  be  made  up  of  a  regular  aggregation  of  small  crystals,  in  part  similarly, 
in  part  differently  shaped  crystals  of  the  same  substance,  which  have  grown 
together  in  parallel  position.  Sometimes  the  different  forms  become  enclosed,  so 
that  a  face  of  the  big  crystal  often  looks  like  a  mosaic,  in  consequence  of  the 
fftces  of  the  smaU  cxystals  inserted  in  the  face  having  a  different  lustre  from  the 
real  Large  crystals  of  felspar  and  lime  garnets  often  show  this  polysynthetic 
structure,  especially  when  they  begin  to  decay.  This  kind  of  combination  is  not 
to  be  coDifounded  with  twin-growth,  which  produces  strias. 

The  regular  association  of  crystals  just  mentioned  is  sometimes  to  be  found 
among  different  kinds  of  minerals.  Among  the  most  remarkable  examples  of  this 
is  the  union  of  the  crystals  of  kyanite  and  staurolite ;  the  latter  often  look  like  a 
continuation  or  a  different-coloured  part  of  the  former.  Graphic  granite  is  another 
example  of  the  same  phenomenon.  The  mineral  smaragdite  is  a  curious  polysyn- 
thetic growth  of  hornblende  and  augite,  first  described  by  Haidinger. 

Crystallo-FhyBios. — ^Although  the  physical  properties  of  crystals, 
and  the  influence  of  crystalline  form  upon  the  physical  forces,  consti- 
tute a  large  part  of  physics,  we  can  only  refer  here  to  a  very  few 
phenomena  connected  with  this  section  of  ciystallology. 

Optical  Properties. — In  monometric  crystals  the  crystallographic  axes  are  also 
axes  of  equal  elasticity,  light  is  refracted  equally  in  every  direction  through  them, 
and  only  one  image  is  seen  through  them.  In  dimetric  and  hexagonal  crystals, 
the  arrangement  of  the  molecules  along  the  unique  axis  is  different  from  that 
along  any  of  the  other  axes.  In  that  direction  only  one  image  is  seen,  in  all  other 
directions  two  ;  the  ray  of  light  is  divided  into  two  rays  in  the  crystals ;  one  of 
these  rays  is  refracted  like  ordinary  light,  the  other  is  differently  refracted,  and  is 
called  the  extraordinary  ray.  If  the  crystal  be  rotated,  the  extraordinary  ray 
rotates  around  the  ordinary.  A  section  of  such  crystals  perpendicular  to  the 
unique  axis,  examined  by  polarised  light  between  two  plates  of  tourmaline,  shows 
a  single  coloured  ring  with  a  white  or  black  cross,  according  to  the  position  in 
which  it  is  examined.  In  crystals  of  the  rhombic  and  clinic  systems,  in  which  the 
axes  are  of  different  length,  the  molecules  are  differently  arranged  along  each :  the 
molecules  are  always  similarly  arranged  along  equal  and  similar  axes.  In  such 
crystals  a  double  image  is  also  seen,  but  the  two  rays  are  extraordinary,  that  is, 
neither  of  them  is  refracted  like  common  light.  Sections  of  such  crystals  cut 
perpoidicular  to  an  axis  of  symmetry,  give,  when  examined  by  means  of  polarised 
light,  a  system  of  double  coloured  rings.  In  the  crystals  of  the  tetragonal  and 
hexagonal  system — ^that  is,  those  having  absolute  unique  axes — ^this  imique  axis  is 
also  the  optic  axis  or  axis  of  no  double  refraction  of  the  crystal.  But  in  the 
crystals  of  the  rhombic  and  clinic  systems,  where  there  is  no  absolute  unique  axis, 
there  are  two  optic  axes  or  directions  of  no  double  refraction,  which  are  inclined 
to  the  crystallc^p^aphic  axis  which  lies  between  tiiem.  By  means  of  two  plates  of 
tourmaline,  the  system  to  which  a  crystal  belongs  may  be  determined  at  once  if  it 
be  transparent.  The  angle  between  the  optic  axes  is  also  of  great  use  in  distin- 
guishing minerals. 

Density. — Many  substances  possess  the  same  density  in  the  amorphous  and 
crystalline  state,  but,  generally  speaking,  the  density  of  a  body  in  the  crystalline 
state  is  greater  than  in  the  amorphous  ;  so  that,  when  crystals  are  melted  and 
allowed  to  solidify  into  glass,  they  occupy  more  space  in  the  latter  state  than  in 
the  former.  This  is  especially  tlie  case  with  the  silicates,  the  silicon  being, 
according  to  Mohr,*  the  expanding  constituent.     Quartz  itself  sinks  from  a  specific 

*  Leonhard  n.  Geinits's  Jmimal  fwr  Mineralogie,  IBM,  p.  181 ;  Devllle,  Comptes  Rtndut, 
ToL  xl.  p.  769.    Bodeker,  BeMiehungen  twitdten  ViehU  wid  Zutanvutuetzung,  18<}0. 
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gravity  of  2*6  to  2*2  by  melting.  Magnus  found  red  garnet  from  Greenland  to 
sink  from  8*90  to  8*06,  and  groMular  from  WUui  from  3*63  to  2*93  ;  idocTMe 
from  8*45  to  2*957.*  The  density  of  a  body  differs  also  in  its  different  allotpopic 
states.  As  a  rule,  the  more  stable  form  has  a  greater  density  ;  indeed,  among 
minerals  the  only  exception  is  perhaps  that  of  calcite,  which  has  a  specific  gravity 
of  2*72,  while  arragonite  is  2*93.  But  octahedral  sulphur  2*07,  and  prismatic 
sulphur  1*97,  marcasite  4*8,  and  p3rrites  5*1,  anatase  8*83  to  3*95,  brookite  4*03 
to  4*085,  and  rutile  4*18  to  4  *25,  graphite  2*089,  and  diamond  3*55,  bear  out  the 
rule. 

CUawge, — From  the  manner  in  which  crystals  are  built  up  by  the  regular 
addition  of  molecules  according  to  the  law  of  symmetry,  they  ought  to  split  ap 
easier  in  some  directions  thau  in  others.  This  is  found  to  be  the  case.  The 
splitting  is  called  cleavage,  the  direction  the  cleavage-plane,  and  the  new  face  the 
face  of  cleavage.  In  the  same  crystal  there  are  several  directions  of  cleavage  ; 
some  cleavages  are  made  with  equal  facility,  and  give  faces  of  cleavage  of  equal 
lustre  and  hardness.  Others  are  made  with  difficulty,  and  yield  very  imperfect 
faces.  The  directions  in  which  crystals  cleave  are  altogether  dependent  on  the 
crystalline  system,  and  the  faces  of  cleavage  are  of  considerable  importance  in 
helping  to  determine  the  fundamental  form  of  a  series.  The  following  are  the 
chief  laws  of  cleavage : — 

1.  In  the  same  substance  the  cleavages  are  always  similarly  disposed  ;  and 
alwajrs  form  the  same  angles  with  one  another  and  with  the  faces  of  the  crystaL 

2.  The  intersection  of  the  planes  of  cleavage  may  always  be  considered,  and 
really  constitutes,  an  internal  g^metrical  form  <»lled  the  solid  of  cleavage. 

8.  Generally  the  planes  of  cleavage  are  parallel  to  faces  which  exist  in  the 
crystal  itself,  or  may  occur  in  other  crystals  of  the  same  body,  according  to  the 
laws  of  symmetry,  and  of  the  rationality  of  the  parameters — that  is,  may  occur  in 
the  same  series. 

4.  When  several  distinct  systems  of  cleavage  exist  in  a  crystal,  the  solids  of 
cleavage  given  by  each  system  are  geometrically  related  to  each  other  like  the 
forms  of  the  crystals  themselves. 

Hardness. — As  the  hardness  of  bodies  depends  upon  their  cohesion,  and  the 
latter  is  influenced  in  crystalline  bodies  by  the  symmetrical  construction  of  the 
crystal,  the  different  parts  of  a  crystal  are  not  of  ihe  same  degree  of  hardnesL 
The  experiments  of  Frankenheim  and  Franz  have  led  to  the  establishment  of  the 
laws  of  this  relative  hardness.  One  law  refers  to  the  faces,  and  the  other  to  the 
direction.  The  law  of  the  faces  is — Of  the  different  faces  of  a  crystal,  those  which 
are  cut  by  the  planes  of  easiest  cleavage  are  the  hardest.  If  several  directions  of 
cleavage  of  equal  degree  of  perfection  occur  in  a  crystal,  and  that  those  directions 
are  equally  inclined  to  all  the  faces  of  the  crystal,  the  faces  do  not  exhibit  any 
difference  of  hardness.  Crystals  of  gypsum  afford  a  good  example  of  this  law,  for 
the  faces  parallel  to  the  principal  cleavages  are  softer  than  the  others.  The  rhom- 
bohedral  faces  of  calcite  are  also  softer  than  those  of  the  other  forms  in  which  it 
crystallises. 

The  law  of  direction  is — Faces  cut  by  cleavage-planes  are  softer  in  directions 
perpendicular  to  the  direction  of  the  cleavage-plane,  and  harder  in  directions  par- 
allel to  it.  When  a  face  is  cut  by  two  cleavage-planes,  the  greatest  hardness  is 
found  nearer  to  the  most  perfect.  The  differences  of  hardness  between  different 
faces  of  a  crystal  diminish  in  propoition  as  the  difficulty  of  cleavage  increases,  f 

Action  of  Solvents  on  Crystals, — ^The  form  of  a  crystal  and  the  relative  haxd« 

*  Poggendorff*8  ^naaZeti,  vol.  xxii.  p.  891. 

t  Frankenheim,  Dissert,  de  Cokcuione^  1829,  and  his  Die  Lehre  von  der  CohaHon^  1835 ; 
Seebeck,  Programm.  des  Coin.  Realgymiuitiu'nu  mu  Berlin^  1833;  Franz  Fogg.  Ann.^  voL  Ixxx. 
p.  37, 18o0 ;  Qrailiuh  u.  Pekarek,  Wieru  Acad.  SitzungeberichU,  vol.  xiii.  p.  410,  18&4. 
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nen  of  its  different  faces  influences  also  the  action  of  water  and  saline  solutions 
upon  it,  and  especially  the  manner  in  which  it  weathers.  The  early  experiments 
of  Daniel  showed  that  a  ground  surface  of  alum  in  which  individual  crystals  could 
not  be  recognised,  if  placed  downwards  in  water  was  unequally  acted  upon,  and  in 
a  short  time  the  surface  was  etched,  and  showed  that  the  apparently  uniform  mass 
is  really  composed  of  a  multitude  of  crystals  cemented  together  by  a  cement  of 
finely  crystallised  matter,  which,  being  more  readily  acted  upon  than  the  large 
crystals,  left  them  in  relief.  The  experiments  of  Leydolt  *  with  hydrofluoric  acid 
on  quartz,  and  with  nitric  acid  vapours  on  arragonite,  show  that  even  crystals 
which  appear  to  be  simple  are  in  reality  complex  twin  combinations.  Crystals  of 
ortboclaise,  which  look  to  be  simple  crystals,  are  sometimes  proved  by  decomposition 
to  have  a  most  complex  composition,  and  to  be  heteromeric  in  a  high  degree,  often 
containing  albite,  which,  decaying  out,  leaves  a  network  of  unaltered  adularia  almost 
transparent,  while  before  the  removal  of  the  albite  the  whole  mass  of  the  crystal 
seems  ox>aque.  It  sometimes  happens  that  parts  of  a  face  of  a  different  crystal 
may  be  discerned  inlaid  in  the  face  of  a  big  crystal.  The  faoe  thus  inlaid  with 
other  faces  affords  an  excellent  example  of  the  unequal  action  of  weathering  and 
of  solvents. 

Weathering. — The  weathering  of  most  crystals  containing  water  of  crystallisa- 
tion begins  by  a  dull  spot  forming  on  a  face.  This  gradually  spreads  in  the  form 
of  a  circle,  or  of  an  ellipsis,  imtil  it  finally  occupies  the  whole  face.  Pape,t  who 
has  investigated  these  figures,  found  that  they  are  circles  on  monometric  crystals, 
and  the  basal  faces  of  the  tetragonal  prisms,  while  on  the  prismatic  faces,  and  on 
the  pyramidal  faces  of  the  same  system,  they  are  ellipses.  On  the  faces  of  trimetric 
or  rhombic  crystals  they  are  ellipses  ;  on  those  of  the  monodinic  system  ellipsoids. 
In  the  hexagonal  system  he  found  that  the  figures  were  also  circles,  which  is  not 
strange,  considering  the  great  symmetry  of  that  system.  These  figures  may  be 
regarded  as  sections  of  a  "  weathering  ellipsoid,"  which  may  be  supposed  to  be 
circumscribed  about  the  crystalline  form.  The  diameters  of  the  **  weathering 
figures  '*  are  so  related  to  the  axes  that  they  may  be  determined  from  the  relative 
lengths  of  the  latter.  Pape  thinks  that  the  greatest  weathering  must  take  place 
along  the  shortest  axis,  because  the  molecular  force  must  be  less  in  that  direction  ; 
or,  in  other  words,  that  the  weathering  or  alteration  of  a  crystal  is  governed  by 
the  ratio  of  the  axes.  It  is  not,  however,  so  simple  as  this,  and  is  more  probably 
governed  by  the  cohesion  or  cleavages.  The  r^n^arity  of  decomposition  in  the 
monometric  system  is  shown  by  the  manner  in  which  some  large  rhombic  dode- 
cahedrons of  lime  garnet  sometimes  weather,  so  as  ultimately  to  leave  almost 
nothing  but  a  framework  of  edges  so  eaten  away  as  to  sliow  the  direction  of  the 
cleavage-planes  across  the  edges. 

Crystallo-ChemiBtry.  —  Isomarphum  and  ffomceamorphwn,  — 
CryBtalline  form  is  intimately  comiected,  as  Haiiy  always  believed^ 
with  chemical  composition,  so  that,  generally  speaking,  different 
bodies  have  different  shapes.  Many  cases  are^  however,  known, 
where  two  or  more  bodies  crystallise  in  the  same  shape.  Com- 
plete identity  of  shape  between  different  bodies  appears,  however, 
to  be  only  possible  in  the  monometric  system.  In  the  mon- 
axial  systems  the  forms  approach ;  but  perhaps  in  no  instance  are 
they  absolutely  identical — that  is,  mathematically  members  of  the 
same  crystalline  series.      There  is  always  a  slight  difference  in  the 

*  SUnngOttTiehU  d.  Wieiur  Acad,  xv.  69 ;  xix.  10.  See  also  Sir  D.  Brewster,  PhiL  Mag,  1868. 
t  Pogg.  ^nncUm,  vol  cxxiv.  p.  829 ;  voL  cxxv.  p.  618. 
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values  of  the  angles,  and  consequently  a  slight  difference  in  the 
parameters  of  the  shnilar  faces.  Mitscherlich  called  the  similarity  of 
form  between  different  bodies  Isomorphism.  That  term  is  now, 
however,  restricted  to  monometric  forms,  and  the  more  correct  term 
Homoeomorphism  applied  to  the  phenomenon  in  the  monaxial  systems. 
Isomorphism  and  Homoeomorphism  include  not  only  the  idea  of  the 
same  fundamental  form,  but  also  equal  development  of  faces  and 
zones,  cleavage  and  hardness — that  is,  it  includes  not  only  external 
form,  but  also  internal  molecular  structure.  The  isomorphic  bodies 
that  fulfil  these  conditions  are  found  to  possess  equal  atomic  volume — 
a  property  first  suggested  by  Kopp,  Schroeder,  and  Dumas — and  also 
the  same  atomic  nimiber.  By  atomic  volume  is  meant  the  relative 
size  of  the  atoms  of  different  bodies,  and  is  determined  by  dividing 
the  atomic  weight  by  the  density.  There  are  many  instances, 
however,  of  two  bodies  crystallising  in  shapes  which  are  either 
identical  or  approach  very  close  to  each  other,  but  which  do  not  fulfil 
all  these  conditions.  Several  hypotheses  have  been  put  forward  to 
account  for  these  anomalies,  but  we  cannot  discuss  them  here. 


The  two  fundamental  principles  of  Mitscherlich's  theory  of  isomorphism 
1.  That  the  forms  belong  to  the  same  system,  and  the  same,  or  nearly  the  same, 
crystalline  series  ;  and  2.  That  isomorphic  bodies,  having  similar  functions,  could 
replace  each  other  in  combinations  without  changing  the  forms  of  crystals.  The 
converse  is  also  assumed — that  bodies  possessing  analogous  functions  are  also 
isomorphous.  Analogy  of  chemical  formule  does  not,  however,  imply  identity  of 
figure,  except  where  Uiere  is  also  physical  analogy.  Hence  the  faculty  of  chemical 
replacement,  though  still  admissible,  is  by  no  means  so  to  the  extent  contemplated 
by  Mitscherlich. 

Isogomsm. — Laurent  endeavoured  to  set  aside  Mitscherlich's  first  principle, 
that  isomorphic  bodies  should  belong  to  the  same  system,  by  suggesting  that  two 
bodies  belonging  to  two  different  systems  might  be  considered  as  isomorphic  when 
their  angles  approached  very  closely.  This  opinion  has  been  more  or  less  adopted 
by  several  mineralogists,  and  the  term  isogonism  has  been  applied  to  this  modified 
view  of  isomorphism.  Here  the  value  of  the  angles  alone  is  taken  into  considera- 
tion, and  the  most  important  of  all  the  laws  of  form  connected  with  chemical 
composition — the  rationality  of  the  parameters,  and  the  general  relations  of  the 
axes — are  overlooked. 

Heteromerism  or  Pleaiomorphism. — The  chemical  replacement  of  isomorphic 
bodies  has  also  received  an  important  modification  by  Hermann's  doctrine  of 
heteromerism,  or  what  Delafosse  calls  plesiomorphism.  According  to  this  doc- 
trine, crystals  may  be  divided  into  three  categories  : — 1.  Normal  cr>'stals,  consti- 
tuted of  molecules  qualitatively  and  quantitatively  alike  ;  2.  Isomorphic  crjrstals, 
composed  of  molecules  represented  by  analogous  formulae,  but  containing  one  or 
more  different  chemical  atoms  ;  8.  Heteromeric  crystals,  or  crystals  consisting  of 
molecules  represented  by  different  formulae.  Hermann,  as  will  be  seen  from  this, 
does  not  exclude  isomorphism,  but  he  looks  upon  minerals  hke  mica,  garnets, 
tourmaline,  and  others,  characterised  by  persistence  of  crystalline  form,  and  varia- 
tion of  chemical  composition  within  comparatively  wide  limits,  not  as  chemical 
compounds  containing  isomorphic  constituents,  but  as  variable  mixtures  of  isomor> 
phic  molecules.     He  also  admits  that  molecules  of  diff'erent  crystalline  systems, 
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when  they  have  the  same  external  form,  and  differ  very  little  in  their  angles,  may 
enter  into  the  composition  of  the  same  crystal.  This  is  adopting  Laurent's 
isogonism,  but  in  a  much  more  restricted  sense.  This  classification  of  crystals  is 
in  perfect  accordance  with  all  the  known  facts  of  crystallology,  and  affords  a  more 
satisfactory  and  rational  explanation  of  the  anomalies  of  crystals  than  the  original 
theory  of  isomorphism.  When  describing  the  minerals  of  the  silicate  class,  we 
shall  have  an  opportunity  of  explaining  tiie  doctrine  of  isomorphism  from  the  point 
of  Tiew  of  the  present  chemical  theory.  * 

Polymorphism. — Some  bodies  are  capable  of  existing  in  several  incompatible 
forms — that  is,  forms  belonging  to  different  crystalline  series.  This  property  is 
called  dimorphism  when  the  substance  crystallises  in  two  forms,  trimorphism  in 
tiiree  forms,  and  generally  polymorphism.  In  most  cases,  the  crystalline  series 
to  which  the  polymorphic  forms  of  a  body  bdong  are  of  different  systems,  but 
sometimes  they  belong  to  the  same  system.  Natural  crystals  of  sulphur,  and 
those  formed  from  solution,  have  the  form  of  the  rhombic  octahedron,  or  deriva- 
tives of  it,  and  belong  to  the  trimetric  or  rhombic  system.  They  have  a  specific 
gravity  of  2*05,  and  melt  at  the  temperature  of  114'5°  Cent  (2881°  Fahr.) ; 
artificial  crystals  formed  in  melted  sulphur  are  modifications  of  monoclinic  prisms, 
having  a  specific  gravity  of  1*98,  and  a  melting  point  of  120*"  Cent  (248°  Fahr.) 
This  example  shows  that  the  physical  properties  of  polymorphic  bodies  are  essen- 
tially different  Ferric  disulphide  crystallises  in  the  monometric  system  as  iron 
pyrites,  having  a  specific  gravity  of  5*0  to  5*2,  and  in  the  trimetric  system  as 
marcasite,  having  a  specific  gravity  of  4*65  to  4*88.  Calcic  carbonate  crystallises 
in  the  hexagonal  or  rhombohedral  system  as  calcite,  having  a  specific  gravity  of 
2*72,  and  in  the  rhombic  system  as  arragonite,  sp.  gr.  2*92  to  2*96.  Titanic 
dioxide  affords  an  example  of  trimorphism  ;  it  crystallises  in  two  distinct  series 
in  the  dimetric  system  as  anatase,  sp.  gr.  8*8  to  8*93,  and  rutile,  sp.  gr.  4*2  to 
4*3 ;  and  in  the  trimetric  system  as  brookite,  sp.  gr.  8*83  to  3*95.  Polymorphism 
belongs  to  the  more  general  phenomena  of  allotropism. 

Allotropism— the  Olassy  and  Ck>lloid  States.  —  Many  sub- 
stances, when  melted  and  allowed  to  cool,  solidify  into  what  is 
termed  glass.  Qlasses  generally  possess  many  of  the  physical  properties 
of  monometric  crystals,  except  that  there  is  no  limitation  of  form,  and 
aboTe  all  no  trace  of  cleavage.  The  density  too  is  always  less  than 
when  the  same  matter  exists  in  the  crystalline  state.  Melted  glass, 
when  dropped  into  water,  solidifies  in  snch  a  way  that  all  the  particles 
are  in  such  a  state  of  tension  or  strain,  that  if  a  small  bit  be  broken  ofif, 
or,  if  it  he  scratched  with  a  file,  it  falls  to  powder  Avith  a  slight 
explosion.  The  well-known  toy,  called  Prince  Ruperfs  Drop,  is 
made  in  this  way.  When  heated  glass  is  cooled  rapidly,  it  is  always 
more  or  less  in  a  state  of  strain,  and  exhihits  optical  phenomena  some- 
what similar  to  those  of  the  less  symmetrical  crystals  ;  hut  the  pheno- 
mena vanish  if  the  glass  be  heated  and  slowly  cooled.     When  subjected 

*  Frankenhelni,  Sy$tem  der  Krf^talU,  1842 ;  Bnf^  Kopp,  Zaraminer :  Ldkrbuch  der  physi- 
kaUadun  und  tkeontiMhen  Chemie ;  Kopp,  Fogg.  Ann.  vol.  xlvii.  p.  183 ;  vol.  IIL  pp.  243,  262. 
AnmaUn  der  Ckemit  «.  PkarmaeU,  1863,  cxv.  871.  8cbr6der,  Pogg.  Ann.  1.  p.  552.  Dana, 
SiUiMon'i  Joum.  1850,  ix. ;  also  his  paper  *'  On  the  Homoeoniorpbism  of  Mineral  Species," 
ibid.  1864.  B.  Hermann,  Heteromerts  Mineral-Sy$tem,  2d  ed.  1860.  Marignac,  Ann.  de  Chimie, 
186S,  bdx.  5.  Tschermak,  Utber  die  Fddtpatke^  SUmngeUriehU  d.  Acad.  d.  WUmn9e\afieii, 
Wieu,  1806.  Laurent,  dmpt.  Bend.  vol.  xzvii,  p.  134.  Zetmie,  Sehulprogramm,  Hagen,  1850. 
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to  pressure,  similar  phenomena  are  produced,  and  vanish  when  the 
pressure  is  relieved.  In  monaxial  crystals,  the  position  of  the  molecules, 
which  gives  rise  to  the  optical  phenomena  special  to  each  ciystal,  is  per- 
manent, and  not  relieved  hy  cleavage  ;  it  belongs  to  every  part  of  the 
crystal. 

Glass  has  no  fixed  melting  point — properly  speaking,  it  does  not 
melt  at  all,  but  passes  through  various  stages  of  softening.  If  kept  for 
a  considerable  time  at  the  point  of  incipient  softening,  it  undei^goes 
what  is  called  devitrification,  first  observed  by  Reaumur.  This  con> 
sists  in  a  passage  into  the  crystalline  state  ;  during  the  change  the 
specific  gravity  increases,  and  there  is  a  corresponding  diminution  of 
volume.  The  glassy  state  is,  therefore,  an  intermediate  stage  of  the 
solid  state  between  the  fluid  and  the  true  solid — that  is,  the  crystalline 
state.  The  process  of  devitrification  has  considerable  geological  interest, 
because  it  is  probable  that  most  of  the  compact  or  finely  crystallised 
basalts,  diorites,  etc,  were  formed  in  this  way  ;  while  such  porphyries 
as  are  really  of  igneous  origin  must  have  been  formed  at  a  much 
higher  temperature.  When  basalt  is  melted  and  allowed  to  cool  in  the 
air,  it  forms  a  black  glass-like  substance ;  when  kept  for  several  days  at 
a  high  temperature,  it  begins  to  devitrify,  small  radiating  crystals  being 
formed  here  and  there  through  the  mass.  When  the  whole  mass  is 
devitrified,  it  is  not  unlike  the  original  stone. 

Gtuns  represent  to  a  certain  extent  the  glaiwy  condition  of  other  kinds  of 
matter,  and  help  to  connect  glass  with  the  colloid  or  gelatinous  condition  of 
matter.  Bodies  that  exhibit  no  trace  of  crystalline  structure  are  said  to  be 
amorphous,  and  may  be  divided  into  soluble  and  insoluble  amorphous  bodies.  The 
soluble  includes  two  classes — namely,  those  that  do  not  gelatinise,  and  those  that  do. 
The  non-gelatinising  soluble  amorphous  bodies  may  also  be  subdivided  into  two 
kinds  : — 1.  Those  which,  like  gum-arabic,  dissolve  in  water,  and  may  he  recovered 
again  from  solution  more  or  less  unchanged  ;  and  2.  Those  which,  like  albumen, 
dissolve  in  water,  and  may  be  recovered  wiUi  unchanged  properties,  provided  the 
temperature  does  not  exceed  a  certain  point ;  if  it  passes  that  point,  the  solution 
solidifies  if  it  be  very  strong,  if  it  be  dilute  the  substance  separates  as  a  coaguluna. 
The  true  gelatinising  bodies  are  also  of  two  kinds,  corresponding  to  the  non-gelati- 
nising bodies  : — 1.  Those  which,  like  glue,  gelatinise  without  becoming  insoluble  ; 
and  2.  Those  which,  like  silicic  acid  and  other  bodies,  become  insoluble.  Graham 
distinguished  gelatinising  substances  as  colloid  bodies ;  the  term  haa,  however,  been 
extended  by  its  author  to  the  whole  class  of  soluble  amorphous  bodies,  because  all 
their  solutions  exhibit  something  of  the  character  of  the  true  gelatinising  bodies,  and 
they  all  possess  in  common,  to  a  greater  or  lesser  degree,  the  property  of  not  being 
able  to  pass  through  porous  bodies.  The  more  colloid  a  body  is,  the  greater  im 
its  inability  to  pass  through  porous  bodies.  Crystallisable  bodies,  or,  as  Graham 
conveniently  called  them,  crystalloid  bodies  in  solution,  freely  permeate  a  colloid 
solution  and  pass  through  porous  bodies.  If  a  solution  containing  a  crystaUoad 
and  a  colloid  body  be  put  into  a  vessel  having  a  porous  bottom  or  side,  and  8ep«> 
rating  the  mixed  solution  from  pure  water,  the  crystalloid  body  will  pass  through  the 
porous  diaphragm  into  the  water,  and  leave  a  pure  solution  of  the  colloid  body  in 
the  Vessel.     This  process  of  separation  of  the  two  classes  of  bodies,  which  Graham 
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DAmed  dialysis,  is  able  to  decompose  oomponnds  of  crystalloids  and  colloids. 
Thus,  when  solutions  of  potassic  or  sodic  silicates  are  dialysed,  all  the  alkali  passes 
sway  and  leaves  the  silicic  acid  in  solution.  In  this  way  many  bodies,  such  as 
alumina  and  even  aluminous  silicates,  may  be  obtained  in  a  soluble  state,  which 
heretofore  have  been  looked  upon  as  the  most  insoluble  bodies  in  nature.  This 
property  of  colloid  bodies  offers  a  simple  and  complete  explanation  of  many 
hitherto  obecure  phenomena  of  chemical  geology.  Among  crystalloid  bodies  some 
approach  the  colloid  class  nearer  than  others  ;  thus,  potassic  hydrate  and  potassic 
carbonate  are  more  colloid  than  the  corresponding  soda  compounds,  which  is  per- 
haps one  reason  why  soda  is  more  rapidly  removed,  in  the  decay  of  minerals,  tiian 
potash. 

The  insoluble  colloid  bodies  of  the  non-gelatinising  class  dry  down  chiefly  into 
what  may  be  called  the  earthy  amorphous  condition ;  the  gelatinous  bodies,  on  the 
other  hand,  usually  give,  when  slowly  dried,  more  or  less  compact,  homy,  some- 
times translucent  or  semitranslucent,  masses,  which  in  drying  contract  so  as  to 
produce  structures  in  concentric  or  ribboned  layers,  such  as  the  agates.  Sometimes 
these  layers  may  be  in  part  due  also  to  differences  in  composition,  as  is  frequently 
shown  by  their  being  coloured  differently. 

Crystalloid,  earthy,  and  colloid  bodies  offer  a  marked  contrast  in  relation  to 
water.  Crystalloid  bodies,  when  they  form  molecular  compounds  with  water,  do 
so  in  perfectly  definite  proportions  depending  upon  temperature  ;  generally  speak- 
ing, the  number  of  molecular  compounds  with  water  which  the  same  body  can 
form  is  limited  to  a  very  few,  often  not  more  than  one  or  two.  In  the  case  of 
earthy  bodies  the  combinations  are  periiaps  all  definite,  but  the  combination  is  so 
unstable  that  it  is  diflScult  to  draw  a  distinction  between  hygroscopic  and  combined 
water  in  them.  Jellies,  on  the  other  hand,  appear  to  be  able  to  combine  with 
water  in  endless  proportions  ;  it  is  uncertain  whether  any  of  these  compounds  are 
in  definite  proportions.  The  gradation  in  the  power  of  holding  molecular  water, 
as  we  pass  from  the  crystalline  to  the  colloid  condition,  is  illustrated  by  the  loss 
of  water  which  wounded  hydrated  crystals  suffer.  Faraday  long  ago  noticed  that 
the  foces  of  crystals  of  Glauber  salt,  and  other  highly  efflorescent  salts — ^that  is, 
salts  which  lose  their  water  in  the  air — ^remain  for  a  long  time  bright  if  not  rubbed 
or  scratched,  but  when  wounded  the  efflorescence  at  once  begins.  The  same  thing 
takes  place  with  the  minerals  called  zeolites ;  they  lose  their  water  much  more 
rapidly  when  placed  over  a  vessel  containing  sulphuric  acid  m  vacuOf  if  scratched 
or  wounded,  than  if  the  faces  be  uninjured. 

Bodies  which  are  capable  of  existing  in  the  crystalloid  and  amorphous  condi* 
tion  are  considered  to  be  in  different  molecular  states.  This  property  of  being 
able  to  assume  different  conditions  is  called  AUotropism.  Polymorphism,  as  was 
said,  is  but  a  case  of  it.  There  are  apparently  two  kinds  of  it — Atomic  Allp- 
tropism  and  Molecular  AUotropism.  The  former  is  connected  with  differences  in 
the  atomic  constitution  of  the  molecules — that  is,  differences  in  the  number  of 
atoms,  or  in  their  relative  position  within  the  molecules.  The  allotropism  of 
carbon,  exhibited  in  the  dimorphic  crystalline  forms,  the  diamond  and  graphite  or 
plumbago,  and  in  the  amorphous  condition  by  coal,  charcoal,  etc.,  belong  to  this 
kind.  The  colloid  condition  may,  in  some  cases  at  least,  be  included  in  atomic 
allotropism.  It  is  perhaps  due  to  condensation  of  simple  molecules  which  do  not 
undergo  by  their  union  much  disturbance  of  their  atomic  constitution.  Many  cases 
of  poljrmoiphism  are  undoubtedly  to  be  included  in  molecular  allotropism.  The 
peculiar  phenomenon  termed  glowing  seems  to  belong  to  the  allotropism  of  con- 
densation, and  is  intimately  connected  with  the  colloid  condition.  When  certain 
bodies  are  heated  to  a  low  redness,  the  temperature  suddenly  rises  ;  they  glow,  as 
if  a  combustion  was  taking  place  in  them  ;  when  cold,  they  are  found  to  have 
contracted  and  become  much  more  insoluble  than  before.  A  similar  change  of 
density  and  solubility  occurs  in  many  bodies  unaccompanied  by  a  glow.     The 

E 


50  GEOGNOSY. 

bodies  subject  to  this  are  chiefly  those  capable  of  existing  in  allotropic  states. 
Anatase,  for  instance,  has,  as  before  stated,  a  specific  gravity  of  3*8  to  8*93. 
When  heated  red  hot,  however,  its  density  increases  from  4*11  to  4*16,  which 
approaches  very  nearly  to  the  density  of  the  stable  form  mtile.  The  presence  in 
a  rock  of  a  body  capable  of  glowing,  or  contracting,  is  a  certain  proof  that  it  had 
not  been  subjected  to  a  temperature  of  a  red  heat  after  the  formation  of  the  latter. 

Metamorphosis. — When  a  body  undergoes  such  a  change  in 
form  or  nature  that  it  becomes  physically  or  chemically  different  from 
what  it  was  before  the  change,  it  is  said  to  be  metamorphosed. 
Changes  of  form  or  condition  constitute  physical  metamorphosis ; 
changes  of  nature  chemical  metamorphosis.  The  latter  change  is 
necessarily  accompanied  also  by  some  physical  changes.  The  vitrifi- 
cation of  crystalline  bodies,  and  the  devitriiication,  are  physical  changes 
if  they  occur  in  homogeneous  masses  ;  but  they  are  also  chemical  if 
they  occur  in  complex  substances.  The  phenomenon  of  paramorphosis 
is  a  purely  physical  phenomenon.  In  speaking  of  polymorphism,  it 
was  stated  that  one  form  of  a  polymorphic  body  was  more  stable  than 
another,  and  that  temperature  determined  which  was  the  stable  one  ; 
or,  in  other  words,  that  one  form  was  stable  at  a  low  temperature  and 
the  other  at  a  higher  temperature.  Thus,  crystals  of  rhombic  sulphur, 
if  heated  a  little  above  the  boiling  point  of  water,  become  opaque,  and 
acquire  the  cleavage  of  the  monoclinic  crystals ;  the  converse  of  this 
takes  place  in  monoclinic  crystals  ;  for  if  plunged  into  carbonic  disul- 
phide  CS„  they  suddenly  become  opaque  with  the  evolution  of  heat, 
and  acquire  the  cleavage  of  rhombic  sulphur ;  the  same  change  occurs 
by  the  influence  of  time, — monoclinic  crystals  obtained  by  melting 
sulphur  sometimes  become  paramorphosed  in  a  few  days,  sometimes 
only  after  some  weeks.  Paramorphosis  gives  us  certain  evidence  that 
crystals  of  native  sulphur  must  have  been  formed  at  common  tempera- 
tures, and  could  not  have  been  formed  by  sublimation,  as  is  commonly 
supposed,  for  Frankenheim  has  shown  that  the  crystals  formed  by  sub* 
limation,  or  from  solution,  at  temperatures  about  that  of  boiling 
water,  are  monoclinic  We  sometimes  find  arragonite  having  the 
cleavage  of  calcite  in  thermal  districts,  such  as  near  Toplitz  in  Bohemia, 
and  in  large  masses  at  Tolfa  in  Italy.  It  is  probable  that  this  arra- 
gonite was  formed  at  a  temperature  of  about  40°  Cent  (104°  Fahr.), 
from  nearly  pure  solutions  of  calcic  carbonate,  Ca''  CO,.  K  formed  at 
a  much  higher  temperature,  the  crystals  would  have  been  more  stable  ; 
if  formed  at  a  lower  temperature,  it  would  have  produced  calcite  ;  but 
being  formed  at,  as  it  were,  the  turning  point  between  the  two,  the 
crystals  were  unstable,  and  rapidly  imderwent  paramorphosis.* 

Chemical  metamorphosis  is  the  result  of  the  action  upon  minerals  of  water 
holding  carbonic  acid  and  oxygen,  and  more  or  less  of  different  salts  in  solution. 

^  The  student  will  find  much  Information  in  ProfeMor  Sebeeret's  Der  Paramorfhigmms 
und  stint  Bedeutung  in  der  CkemU^  Mintralogief  und  Gtologit,  1854. 
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When  the  new  mineral  produced  by  the  metamorphosis  retains  the  outward 
shape  of  the  original  mineral,  it  is  called  a  ^seudomorph  or  imitative 
form.  The  internal  structure  of  a  true  pseudomorph  has  no  relation  with  its 
outward  form  ;  that  is,  it  has  its  own  cleavage,  but  the  form  of  another  mineral. 
True  pseudomorphs  may  be  divided  into  two  classes  : — 1.  Pseudomorphs  by 
alteration  ;  and  2.  Pseudomorphs  by  substitution.  The  first  class  may  be 
subdivided,  as  suggested  by  Landgrebe,  into : — (a.)  Pseudomorphs  formed  by 
loss  of  constituents ;  for  example,  the  change  of  boumonite,  Pb  ^Cu'Sb'^Ss,  into 
galena,  PbS ;  (&.)  Pseudomorph  formed  by  the  gain  of  constituents,  such  as  the 
change  of  galena  Pb'S  into  anglesite  Pb''S04,  and  of  red  copper  Cu',0  into  green 
malachite  Cu*C03Cu''H,0, ;  and  (c)  Pseudomorphs  formed  by  exchange  of  con- 
stituents, such  as  the  change  of  pyrites  FeS,  into  red  hsematite  Fe,0|,  the  passage 
of  mareasite  FeSj  into  green  vitriol  FeS04,7H,0  ;  calcite,  Ca'CO^  into  fluor- 
spar, Ca'F, ;  laomontite  Ca''Al*^i40i^4H,0,  into  orthoclase  or  potash  felspar, 
K'^AT^Ois.  "^^  second  class,  or  substitution  pseudomorphs,  are  minerals 
fonned  in  the  moulds  left  by  the  total  removal  of  a  previous  mineral,  such  as 
specular  iron  Fe,0,  in  the  form  of  calcite  Ca'COj  ;  pyrolusite,  MnO,,  in  the  form 
of  calcite ;  smithsonite,  Zn'CO,,  in  the  form  of  calcite  ;  soapstone,  impure  talc,  in 
the  form  of  orthoclase,  E^ Al^gSi^ie  ;  limestone  in  the  form  of  common  salt.* 

Minerals  are  sometimes  coated  over  wholly  or  in  part  with  others ;  for 
instance,  fluor-spar  with  pyrites  or  quartz.  Minerals  thus  coated  are  sometimes, 
though  incorrectly,  included  among  pseudomorphs,  and  called  mechanical  pseudo- 
morphs. The  mineral  enclosed  in  &e  coatings  is  sometimes  removed  by  subse- 
Ouent  chemical  action,  leaving  an  empty  mcmld.  Occasionally  this  mould  gets 
lined  with  a  coating  of  new  crystals,  which  may  be  the  same  as  the  coating  or 
shell,  or  different ;  sometimes  it  gets  entirely  filled  up  with  a  mineral,  forming  a 
true  substitution  pseudomorph.  Thus  a  calcite  crystal  has  been  found  coated 
with  specular  iron,  and  the  specular  iron  in  turn  coated  with  pyrolusite  ;  after- 
wards the  calcite  was  removed,  and  a  hollow  mould  of  it  left  in  the  specular  iron. 

The  study  of  pseudomorphs  is  the  true  key  of  the  chemical  changes  which 
have  taken  place  in  rocks ;  a  single  pseudomorph  in  a  rock  may  often  give  us  the 
whole  history  of  its  metamorphosis.  The  presence  of  numerous  large  pseudo- 
morphs, in  the  form  of  the  well-known  hopper-like  crystals  of  common  salt,  in  a 
thick  bed  of  limestone,  gives  us  physical  evidence  of  the  slowness  and  regularity 
of  its  formation,  of  a  fiur  more  definite  and  certain  character  than  could  be  obtained 
even  from  fossils. 

*  Fall  fnformation  on  this  important  subject  will  be  fotmd  in  :— Landgrebe,  Die  Pmu- 
dmorphomn  im  Mineralreicke,  1841 ;  Dr.  J.  Belnhard  Blom's  Die  PBtndowwrphosen  du 
MimtTxdTtiOte^  1843;  with  three  Sapplements,  1843-1847,  1862-1868;  Volger,  5(udiea  «tfr 
E%bekid.wxg9ge$c^ieikU  dar  ifineraZien— the  excellent  chapter  on  "  Pseudomorphs  and  Me- 
tamorpbie  Changes  on  Minerals  "  in  vol.  1.  (p.  223)  of  Dana's  Syste/t^  cf  Mineralogy ;  Winkler, 
Die  P$eudomorpko$en  du  MUumUreiduB,  1866 ;  Bcheerer,  BemerJnmgen  ah&r  AfterhrystaUe, 
1866 ;  Delesse,  BeeKercka  »ur  Ui  Paettdomorphoaei,  Annalet  des  Mine$,  1869,  xvL  317 ; 
Daabi^,  Etudes  et  ExpMencet  Synthitiquea  rur  It  Mitamorpkitme ;  Mimoirta  des  Savanls 
Etrmgen  de  VAeademU  du  Science*  de  VltutU'ttt  de  France^  t.  xvii. ;  Delesse,  Etudu  gur  le 
Mikmorpkiewu,  Annalu  dee  Mina,  6me  8er.  t.  xii.  and  xiii.,  1867  and  1868.  The  memoir  of 
M.  Daabrie,  and  last-mentioned  one  of  Delesse,  relate  chiefly  to  rocks  rather  than  to  indi- 
vidoal  minerals,  bat  they  nevertheless  contain  much  valuable  Information  connected  with 
this  part  of  the  sattject    BLschofTs  Chemical  Otology  is  a  mine  of  facts  on  metamoiphlsm. 


CHAPTER   III. 

ROGK-FORMINa   MINERALS. 

Of  the  siinple  bodies  enumerated  at  p.  17,  several  are  so  rare  that  thej 
only  occur  under  exceptional  circumstances  ;  others,  though  consti- 
tuents of  minerals  which  possess  much  scientiHc  interest  or  practical 
value,  do  not  form  essential  constituents  of  rock-forming  minerals. 
The  simple  bodies  of  immediate  interest  to  the  geologist,  and  some 
knowledge  of  which  is  necessary  in  order  to  understand  the  composi- 
tion, formation,  and  alteration  of  those  minerals  which  chiefly  form 
rocks,  or  which  take  a  part  in  their  metamorphosis,  are  at  most  nine- 
teen in  number.  They  are  arranged  in  the  following  table  in  two  classes, 
non-metallic  bodies  and  metak. 

NonrMetaUic  Bodies,  Metals, 

1.  Hydrogen.  10.  Potassiom. 

2.  Fluorine.  11.  Sodium.* 

3.  Chlorine.  12.  Lithium. 

4.  Oxygen.  18.  Barium. 

5.  Sulphur.  14.  Calcium. 

6.  Boron.  15.  Magnesium. 

7.  Carbon.  16.  Zirconium. 

8.  Silicon.  17.  Manganese. 

9.  Phoephorus,  18.  Iron. 

19.  Aluminium. 

Non-metallic  bodies  form  with  each  other,  and  with  metals,  nume- 
rous and  varied  compounds.  Of  these  the  only  ones  which  enter  into 
the  composition  of  rock  masses  are  those  formed  by  chlorine,  or 
chlorides,  by  oxygen  or  oxides,  and  by  sulphur  or  sulphides.  Fluorine 
exists  in  some  rock-forming  minerals,  and  one  fluoride,  that  of  calcium, 
takes  part  in  the  formation  of  mineral  veins. 

Oxygen  is  the  most  abundant  element  on  the  earth  ;  it  combines 
with  all  the  other  simple  bodies,  save  fluorine.  Oxides  are  conse- 
quently the  most  abundant  and  important  compounds  in  nature. 
Water  contains  88'88  per  cent  of  its  weight  of  oxygen,  atmospheric  air 
about  23  per  cent ;  but  in  the  atmosphere  the  oxygen  is  mixed,  and 
not  combined  with  the  other  constituent,  nitrogen.  Of  the  ten  or 
eleven  minerals  which  constitute  the  great  mass  of  rocks,  quartz  con- 
tains 51-95,  anorthite  about  45,  orthoclase  about  46,  albite  about  47, 
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chlorite  4 6' 5,  talc  about  49,  augite  and  hornblende  about  40,  calcite 
47'38,  dolomite  46,  and  gypsum  55*45  per  cent  of  oxygen.  Nearly 
one-half  of  that  part  of  the  earth  of  which  we  have  any  knowledge 
consists  therefore  of  oxygen. 

Next  to  oxygen,  the  most  abundant  element  is  silicon  ;  it  forms 
about  one-fourth  of  the  mass  of  the  globe  so  far  as  we  have  any  know- 
ledge of  its  composition.  The  whole  of  this  silicon  is  combined  with 
oxygen,  so  that  fully  one  half  of  all  th,e  oxygen  in  the  world  is  in 
combination  with  silicon,  and  the  oxide  thus  formed,  silica,  constitutes 
one-half  the  globe.  If  we  arrange  the  remaining  bodies  in  the  fore- 
going list  in  the  order  of  their  abundance,  they  will  stand  as  follows : 
aluminium,  calcium,  magnesium,  potassium,  sodium,  iron,  carbon, 
sulphur,  hydrogen,  chlorine,  nitrogen,  manganese,  phosphorus,  zirco- 
nium, barium,  boron,  and  lithium.  These  seventeen  bodies  make  up 
about  one-fourth  of  the  earth.  The  nineteen  bodies  in  our  list  form, 
therefore,  rather  more  than  99  per  cent  of  the  whole  world,  and  the 
remaining  forty-four  elements,  including  all  the  useful  metals  except 
iron,  rattier  less  than  one  hundredth  part 

The  compounds  of  oxygen  with  the  non-metallic  bodies,  except 
hydrc^n,  are  acid  anhydrides  ;  those  with  metals  are  generally  basic 
anhydrides.  Thus,  widi  sulphur,  it  forms  sulphuric  anhydride,  SOs ; 
with  boron,  boric  anhydride,  Bo,0, ;  with  carbon,  carbanhydride,  CO, ; 
with  silicon,  silicic  anhydride,  SiO, ;  and,  with  phosphorus,  phosphoric 
anhydride,  PtOg.  With  the  monivalent  metals  oxygen  forms  potassic 
oxide,  K,0,  eodic  oxide,  Na,0,  and  lithic  oxide,  Li^O  ;  with  divalent 
metals,  calcic  oxide  or  Hme,  Ca^O,  magnesic  oxide  or  magnesia,  Mg^'O. 
The  hexatomic  metals,  manganese  and  iron,  form  several  compounds 
with  oxygen  ;  thus,  manganous  oxide,  Mn''0,  manganic  dioxide,  MnO„ 
fenx)us  oxide,  Fe"0,  and  ferric  oxide,  Fe,Og. 

Several  of  these  bodies  could  not  occur  free  in  nature,  because, 
owing  to  their  active  combining  properties,  they  would,  if  generated, 
form  at  once  new  combinations  with  other  bodies.  Thus  most  of  the 
anhydrides  would  combine  with  the  elements  of  water,  the  acid  ones 
to  form  adds,  and  the  basic  ones  to  form  basic  hydrates.  Some  of  the 
basic  hydrates,  as  well  as  the  corresponding  anhydrous  oxides,  are 
capable  of  existing  free,  but  most  of  them  combine  with  acids  to  form 
more  stable  compounds,  termed  salts. 

The  compounds  of  sulphur  and  non-metallic  bodies  do  not  occur  in 
nature,  unless  we  reckon  arsenic  among  the  non-metallic  bodies.  With 
the  exception  of  the  sulphides  of  iron,  none  of  the  sulphides  of  the 
metals  in  the  preceding  table  possess  sufficient  stability  to  remain  un- 
changed when  formed  in  natural  processes.  Most  of  the  conunon 
metals  form  stable  sulphides,  which  frequently  occur  as  ores. 

The  combinations  of  chlorine  with  non-metallic   bodies  do  not 
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occur  naturaUy,  but  the  chlorides  of  most  of  the  metals  in  the  pre- 
ceding table  are  stable  bodies^  and  occur  in  nature,  chiefly,  however,  in 
solution  in  waters. 

The  great  agents  of  chemical  change  upon  the  surface  of  the  earth 
being  oxygen  and  water,  the  stability  of  bodies,  and  the  possibility  of 
their  occurrence  depends  to  a  great  extent  upon  their  relations  to  those 
agents.  Substances  that  do  not  absorb  or  lose  oxygen  readily,  and  are 
more  or  less  insoluble  in  w&ter,  are  consequently  those  which  are 
likely  to  occur  as  minerals  if  their  constituents  are  sufficiently  abun- 
dant in  nature.  Soluble  bodies,  except  where  they  occur  in  such 
masses  that  there  is  not  sufficient  water  to  dissolve  them,  or  under 
other  exceptional  conditions,  cannot  occur  as  rock-forming  minerals. 

We  may  therefore  classify  the  compounds  of  the  elementary  bodies 
in  the  preceding  table  which  could  occur  as  minerals  into  the  following 
categories  : — L  Metallic  fluorides  and  chlorides  ;  II.  Oxides — ^namely, 
1.  water  ;  2.  acid  anhydrides  and  acids  ;  3.  basic  anhydrides  and 
hydrates  ;  4.  salts — ^namely,  sulphates,  borates,  carbonates,  silicates, 
and  phosphates.  Some  of  the  simple  bodies  resist  the  action  of  oxygen 
and  of  water,  and  could  be  separated  from  their  compounds  by  the 
natural  processes  in  ordinary  operation  on  the  globe,  and  may  Uiere- 
fore  occur  as  minerals.  Of  the  bodies  in  the  preceding  list,  only  two, 
sulphur  and  carbon,  however,  fulfil  these  conditions.  Although  not 
occurring  in  sufficient  masses  to  constitute  rocks,  if  we  except  the  kind 
of  coal  called  anthracite,  which  is  nearly  pure  carbon,  these  bodies 
are  so  intimately  connected  with  geological  phenomena  that  we  shall 
include  them  in  the  following  brief  description  of  the  chief  minerals 
which  form  rocks,  or  which  characterise  them,  or  are  so  intimately 
connected  with  their  metamorphosis  that  the  student  should  know 
something  of  their  composition  and  properties  in  order  to  study  litbo- 
logy.  In  this  description  we  shall  confine  ourselves  chiefly  to  the 
general  chemical  constitution  and  relations  of  the  minerals,  especially 
to  those  points  not  usually  treated  of  in  mineralogical  text-books.  The 
student  who  wishes  to  study  in  detail  the  physical  characters  by  which 
minerals  may  be  distinguished,  must  have  recourse  to  some  special  treatise 
on  mineralogy,  and  examine  for  himself  specimens  of  the  minerals. 

Minerals  fbrmed  of  one  Simple  Substance. 

Sulphur. — Sulphiu*,  as  has  been  mentioned  in  a  previous  section,  is  dimor- 
phic, but  all  the  forms  found  native  belong  to  the  rhombic  or  trimetric  system, 
and  are  rhombic  pyramids  more  or  less  modified.  As  has  been  already  mentioned, 
these  crystals  could  not  be  formed  at  temperatures  approaching  that  of  boiling 
water,  or  be  exposed  to  such  a  temperature  without  alteration ;  crystals  of  native 
sulphur  must  therefore  have  been  formed  at  ordinary  temperatures.  Sulphur  is 
found  in  several  districts  in  fibrous  layers  of  a  whitish-yellow  colour,  as  if  deposited 
from  solutions,  sometimes  in  concretions,  sometimes  in  beds  several  inches  thick,  as 
at  San  Fillipo  in  Tuscany,  in  the  grotto  of  San  Fedele,  near  Sienna,  and  at  Canale, 
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near  Civita  Vecchia.  It  is  also  found  in  a  pnlvernlent  state  in  the  lignites  of  Artern, 
in  Thnringia,  and  Roisdorf,  near  Bonn,  on  the  Rhine  ;  in  the  interior  of  siliceous 
geodes  at  La  Charity  near  Besan9on  ;  and  in  the  argiUaceous  marls  of  Mont- 
martre,  near  Paris.  It  likewise  occurs  in  metallic  veins,  particularly  those  of 
copper  pjrites  and  galena.  Crystallised  sulphur  is  sometimes  found  in  small 
geodes  of  mountain  limestone. 

Sulphur  does  not  occur  anywhere  in  sufBcient  quantity  to  constitute  a  rock, 
but  is  widely  disseminated  throughout  rocks  of  different  ages,  either  implanted  in 
crystals,  in  small  beds,  nests,  nodules,  or  in  the  pulverulent  state  just  described, 
as  a  coating,  as  in  some  lavas,  or  as  a  cement  of  decomposed  trachyte.  It  is  very 
rarely  found  in  basaltic  districts,  but  occurs  often  in  trachytic  districts.  In  Sicily 
it  is  found  associated  with  tertiary  gypsum,  limestone,  and  clay  ;  at  Radoboj,  in 
Croatia,  it  is  intercalated  in  beds  full  of  remains  of  insects  and  plants,  and  coloured 
brown  by  mineral  resin  and  carbonaceous  matter.  The  latter  mode  of  occur- 
rence,  as  weU  as  the  stratified  fibrous  sulphur,  proves  the  aqueous  origin  of 
sulphur. 

The  minerals  found  enclosed  in  sulphur  are  also  inconsistent  with  its  produc- 
tion by  a  high  temperature,  at  least  in  a  great  many  cases.  Thus  in  druses  in  a 
mixture  of  sulphur  and  galena  at  Truskawioe,  in  Osdlicia,  small  crjrstals  of  sulphur 
are  found  ^closing  grains  of  galena ;  small  indistinct  crystals  enclose  brown  coal 
at  Artem;  beautiful  crystals,  enclosing  indistinct  scalenohedrons  of  calcite  are 
found  in  druses  of  dull  sulphur  in  tertiary  marl  at  Giigenti,  in  Sicily ;  calcite 
crystals  are  also  enclosed  in  crystallised  sulphur  in  druses  of  limestone  at  Bex,  in 
Switzerland.  We  have  direct  evidence  of  the  deposition  of  sulphur  from  water  in 
the  mineral  springs  of  Aix-la-Chapelle,  Aix  in  Savoy,  Saint  Boi^  near  Dax,  Bex, 
in  Switzerland,  etc.  '  The  whole  of  the  sulphur  at  the  latter  place  appears  to  have 
been  deposited  from  water.  The  deposition  of  sulphur  in  some  waters,  as  in  that  at 
Aiz-la-Chapelle,  is  due  to  the  decomposition  of  alkaline,  or  alkaline  earthy  sul- 
phides. In  volcanic  regions  the  deposition  of  sulphur  may  result  from  two  causes : 
1.  The  action  of  oxygen  on  damp  sulphide  of  hydrogen  gas,  or  on  solutions  of  the 
gas ;  and  2.  The  mutual  decomposition  of  sulphide  of  hydrogen,  H^  and  sul- 
phurous anhydride,  SO^  If  the  former  be  in  excess,  water  and  sulphur  only 
appear  to  be  formed  ;  if  the  latter  be  in  excess,  pentathionic  acid,  B.^fi^  and 
water  are  formed ;  the  pentathionic  acid  is  gradually  decomposed  into  sulphur 
and  sulphuric  add,  which  produces  sulphates.  In  connection  with  this  reaction 
it  may  be  observed  that  several  sulphates  are  associated  with  the  sulphur  found 
in  districts  where  the  sulphur  is  formed  from  gases  escaping  through  fissures.  Old 
craters  having  such  active  fissures,  called  ftamaroles,  are  termed  solfaterras. 

Oarbon  is  also  dimorphic  When  crystallised  in  the  monometric  system  it 
constitutes  the  hardest  of  all  the  gems,  the  diamond.  Diamantine  carbon  occurs 
in  three  states  : — 1.  The  true  crystallised  diamond ;  2.  The  imperfectly  crystal- 
lised, or  knotty  diamond,  known  as  '*  boort,"  or  "  boart ;"  and  8.  **  carbonado  " 
or  **  carbonate,"  a  porous  kind  of  mass  which  is  almost  glassy  in  some  specimens, 
and  in  others  almost  as  porous  as  pumice.  It  is  of  a  brownish-green  colour,  and 
opaque,  but  often  polishes  of  a  deep  black.  The  true  diamond  is  usually 
found  in  very  small  crystals,  those  above  a  quarter  of  an  ounce  being  of  great 
rarity,  while  "  carbonate  "  is  often  found  in  lumps  as  big  as  a  walnut.  The  true 
diamond  has  been  found  in  sUu^  in  the  flexible  sandstone  called  itacolumite  of 
the  Serra  do  Qrammagoa,  in  Brazil  In  general,  however,  it  is  found  in  deposits 
of  clay  and  gravel  derived  from  the  denudation  of  mica  schists,  micaceous  iron 
slates,  ttacolumite,  and  other  sandstones,  and  associated  with  grains  of  gold,  plati- 
num, and  crystals  of  anatase,  rutile,  brookite,  topaz,  tourmaUne,  zircon,  oxide  of 
tin,  titaniferous  iron,  magnetite^  and  red  and  brown  hematite.  In  India  it  occurs 
in  a  conglomerate  formed  of  rounded  fragments  of  quartz,  jasper,  etc.,  cemented 
together  by  oxide  of  iron.    The  diamond  district  of  the  Ouial  consists  of  arenace- 
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ous  rocks  resting  on  limestones  or  dolomite,  or  diorite  and  syenetic  porphyry. 
"  Carbonate  "  was  discovered  in  1842  in  a  sandstone  of  the  i»x)yince  of  Bahia,  in 
Brazil,  believed  to  be  of  the  same  age  as  the  gneiss  and  syenite  of  Greenland. 

Brewster  showed  that  the  diamond  often  contains  air-bubbles,  and  that  it 
could  not  have  been  formed  by  heat.  Iron  pyrites  and  specks  of  gold  have  been 
noticed  in  diamonds,  and  titanic  acid  in  their  ashes.  G.  Rose  has  described  a 
diamond  discoloured  by  black  carbon. 

OraphUe  occurs  crystallised  and  amorphous.  The  latter  is  the  kind  best 
adapted  for  making  lead-pencils.  This  kind  occurs  in  nests  in  trap,  or  clay  slate, 
at  Borrowdale,  in  Cumberland  ;  a  remarkable  dyke  of  it,  six  feet  wide,  occurs  in 
syenite  and  granite  in  Eastern  Siberia  ;  lumps  and  nests  of  it  also  occur  in  the 
crystallised  limestone  overlying  the  granite  at  the  same  place.  True  graphite 
appears  to  be  almost  exclusively  confined  to  granite,  gneiss,  quartz,  mica  slate, 
crystallised  limestone,  and  the  older  slates.  A  kind  of  graphite  is,  however, 
sometimes  found  connected  with  coal,  especially  where  the  latter  is  in  contact 
with  trap.  Graphite  usually  contains  a  variable  quantity  of  oxide  of  iron,  silica, 
and  other  impurities.  It  is  found  in  America  enclosing  sphene  and  wollastanite, 
and  has  also  been  noticed  in  skutturudite,  quartz,  and  rhietizite,  and  as  a  pseudo- 
morph  after  pyrites. 

Fluorides  and  ChlorideB  ooourring  as  Minerals. 

Fluoi>Spar. — Fluorine  occurs  in  several  siliceous  minerals,  and  forms,  with 
calcium,  cerium,  yttrium,  sodium,  and  aluminium,  several  natural  fluorides,  of 
which  only  one  calcic  fluoride  or  fluor-spar  Ca^F^  is  of  sufficient  importance  to 
find  a  place  here.  Fluor-spar  crystallises  in  forms  of  the  monometric  system,  the 
most  frequent  dominant  form  being  the  cube  ;  but  perfect  octahedrons  are  some- 
times met  with.  It  is  found  colourless,  green,  topaz-yellow,  rose  and  crimson 
red,  violet  and  sky-blue,  and  brown — greenish,  violet  blue,  and  wine  or  topaz- 
yellow  being  most  /requent.  It  occurs  chiefly  in  veins,  often  as  the  gangue  of 
ores,  especially  of  galena,  in  granite,  gneiss,  mica-slate,  day-slate,  and  also  in 
mesozoic  rocks. 

Perimorphs, — Fluorspar  is  found  in  common  salt,  quartz,  pyrites,  barytes, 
calcite,  chrysoberyl,  beryl,  and  garnet. 

Endomorphs. — ^The  following  minerals  are  found  enclosed  in  crystals  of  fluor- 
spar '.^Simple  bodies — silver ;  Oxides — quartz,  anatase,  brookite ;  specular  iron, 
red  ochre,  bismuth  ochre ;  Sulphides — pyrites,  copper  pyrites,  marcasite,  mispickel, 
galena,  zinc  blende,  tetrahedrite  or  fahlerz,  aikinite  or  plumbo-cupriferous  sulphuret 
of  bismuth,  uUmannite  or  nickeliferous  grey  antimony,  stromeyerite  or  argentiferous 
sulphuret  of  copper,  tennantite  ;  Sulphates — barytes  ;  CarboneUes — ^brown  spar 
(dolomite),  ohalybite,  malachite,  azurite,  cerussite ;  Silicates — anhydrous :  horn- 
blende ;  beryl ;  axinite ;  mica  ;  adularia ;  euclase ;  tourmaline ;  hydrous :  talc; 
chlorite  ;  carpholite ;  Uthomarge,  clay  ;  Phosphates  —  apatite  ;  Tumgstates — 
scheelite.  Asphalt  has  likewise  been  found  in  fluor,  and  cavities  containing  liquids 
and  air-bubbles. 

Pseudomorphs, — Calcic  fluoride  being  slightly  soluble  in  water,  especially  in 
water  containing  calcic  carbonate  and  carbonic  acid,  produces  many  pseudomorphs. 
It  is  found  in  the  form  of  calcite  ;  and  the  following  minerals  are  found  imitating 
its  forms : — Oxides — hematite,  limonite,  wad,  quartz ;  Corftofiateff^-calcite,  smith- 
sonite,  oerusite  ;  i^i^tco^—hydrous  :  chlorite,  Uthomarge. 

Common  Salt. — The  only  chloride  of  geological  importance  is  the  sodic 
chloride  or  common  salt,  which  occurs  in  extensive  but  irregular  beds  in  every 
formation  from  the  Upper  Silurian  of  Canada  to  the  recent  deposits  now  being 
formed  in  salt  lakes.  Bock-salt  forms  true  rock  masses,  some  of  the  beds  being 
of  great  thickness.  Thus  at  Wieliczka,  in  Poland,  galleries  have  been  excavated 
in  almost  pure  salt  from  60  to  100  yards  high.     This  salt-bed  forms  part  of  a 
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series  of  deposits  which  extend  along  the  Carpathian  Mountains,  and  are  abont 
500  miles  long,  100  miles  wide,  and  in  some  places  1200  feet  thick.  At  CardofLa, 
in  Catalonia,  rock-salt  forms  an  escarpment  550  feet  high.  Springs  issning  from 
salt  beds  contain  more  or  less  salt  in  solution.  In  inland  basins  which  do  not 
drain  into  the  ocean,  the  great  reservoir  of  salt,  especially  in  the  great  Aralo- 
Gsspian  basin,  numerous  salt  lakes  are  formed.  When  saline  water  impregnates 
the  soil  it  is  rendered  barren  ;  and  efflorescences  of  salt  are  formed  in  summer  as 
in  the  Russian  steppes. 

Common  salt  crystallises  in  the  monometric  system  chiefly  in  cubes.  Where- 
ever  boradc  acid  is  present,  as  at  Stassfurth,  it  crystallises  in  cube-octahedrons. 
It  is  sometimes  founid  pure  and  limpid  like  glass,  but  is  generally  coloured  red 
from  intermixed  clay.  Sometimes  it  is  found  blue  and  purplish,  probably  from 
microscopic  animals  similar  to  those  which  make  the  brine  produced  by  the 
eraporation  of  sea-water  in  **  salt  gardens  "  blood-red,  when  it  attains  a  certain 
degree  of  concentration. 

Salt  is  generally  associated  with  anhydrite  and  gypsum,  sandstone  and  car- 
bonate  of  lime.  Other  salts  also  occur  associated  with  it,  such  as  polyhalite,  a 
hetennneric  compound  of  calcic,  magnesic,  and  potassic  sulphates.  At  Stassfurth, 
in  Prussia,  it  is  associated  with  compact  boracite  and  magnesic  sulphate,  one 
molecule  of  which,  with  about  ten  of  common  salt,  forms  a  heteromeric  mineral 
called  martinsite.  The  association  of  boracite  is  interesting,  because  in  the  Asiatic 
steppes  borax  lakes  appear  to  occur  in  the  district  of  the  saline  lakes.  In  the 
salt  lakee,  about  the  mouth  of  the  Volga,  a  compound  of  sulphate  of  soda  and 
sulphate  of  magnesia  called  aslrakaniie  is  formed  in  winter  ;  a  similar  mineral 
called  bloedite  is  found  in  some  salt  beds.  At  Villa  Rubia,  in  Spain,  glauberite, 
a  compound  of  the  anhydrous  sulphates  of  lime  and  soda,  occurs  in  the  salt.  The 
bloedite  indicates  perhaps  a  low  temperature,  and  the  glauberite  a  high  tempera- 
ture, during  the  deposition  of  the  salt 

Endomorpha. — Besides  the  substances  just  mentioned,  crystals  of  anhydrite, 
gypsum,  fluor^ar,  and  copper  pyrites,  occur  enclosed  in  salt.  Cavities  filled  with 
a  fluid,  and  some  containing  air-bubbles,  are  also  found  in  salt  The  explosive 
salt  of  Wieliczka  contains  compressed  gas  composed  of  hydrogen,  carbonic  oxide, 
and  defiant  gas. 

Pseudomorphs.  —  Common  salt  occurs  as  a  pseudomorph  of  anhydrite  and 
gypsum.  Oypeum  and  polyhalite  also  occur  in  the  form  of  salt  But  the  most 
curious  and  important  pseudomorph  of  salt  is  one  in  the  form  of  dolomite.  Of  the 
pseudomorphs  of  other  minerals  in  the  shape  of  salt  the  most  interesting  are — 
limestone  and  sandstone.  The  replacement  of  salt  by  limestone  appears  not  to 
have  been  confined  to  single  crystals,  but  to  have  extended  to  whole  beds. 

Oxides  ooomring  as  Minerals. 

Silicon  is,  after  oxygen,  the  most  abundant  simple  body  forming  the  materials 
of  rocks.  It  exists  as  Silica,  or  silicic  anhydride,  SiO,,  as  silicic  hydrates  or 
acids,  and  as  numerous  salts  called  silicates.  Silicon  being  quadrivalent,  its  normal 
or  orthic  acid  should  be  SiO^,  2H,0,  or  H4Si04,  or  Si(Ho)4.  The  meta-fudd  should 
be  SiO^H^O,  or  H^iO„  or  SiO(Ho)^  Ortho-silicic  acid  ia  not  definitely  known, 
but  many  natural  silicates  represent  it  Meta-silicic  add  can  be  readily  obtained  by 
the  evaporation  of  a  dialysed  solution  of  silica.  Many  silicates  contain  condensed 
silica,  aiid  some  of  the  corresponding  acids  are  known,  thus  the  para-acid  H0SitO7 
was  obtained  by  Ebehnen  fh)m  silicic  ether.  Others,  such  as  H4Si308,H^i307, 
etc^  were  obtained  by  Doveri,  Fuchs,  SuUiyan,  etc.  As  the  true  constitution  of 
the  silicates  cannot  be  understood  without  some  previous  knowledge  of  condensed 
silicic  adds,  a  table  is  added  here  to  show  the  relation  of  the  condensed  silicic 
adds,  and  consequently  the  silicates,  which  are  theoretically  possible.  The  acids 
in  each  vertical  column  differ  by  H^iO,,  or  a  multiple  of  it,  from  those  above  or 
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below  them  in  the  same  column ;  that  is,  the  snccessiye  condensations  are  eflTeeted  hj 
the  addition  of  a  molecule  of  meta-silicic  acid.  This  relationship  is  analogous  to 
that  offered  by  the  homologous  series  of  carbon  compounds,  and  we  may  oonTeni- 
ently  call  the  silicic  acids  so  differing  homologous  adds.  The  acids  in  the  same  hori- 
zontal line  hare  an  equal  number  of  silicon  atoms,  and  differ  by  one  or  more 
molecules  of  H^O.  They  might,  after  the  analogy  of  carbon  compounds,  be  called 
isologous  acids.  All  the  acids  in  the  second  column,  or  those  homologotis  with  meta- 
silicic  acid  EL^iOp  are  simple  multiples  of  that  acid,  that  is,  they  are  polymeric. 
All  simple  silicates  and  all  complex  silicates,  in  which  there  is  true  isomorphic 
replacement,  find  their  place  in  such  a  table.  Heteromeric  oombinationB,  that  is 
minerals  formed  by  mixtures  of  different  silicates,  cannot  of  course  be  included, 
nor  those  in  which  alumina  acts  both  as  a  base  and  acid. 

Orthic  Acids.        Meta- Acids,  Anhydro-Adds, 


H4Si04  H^iO,  SiO, 

HeSijOy  H4Si,0«  H^i^Oa  Si,04 

HsSisOio  H^SisO,  H4Si808  H^isOy 


H^+,Si«0,„+i        H^i«Oa^        H^-,Si^O,.,.i        H,^_ 481,0^-^  etc. 

It  has  not  been  thought  necessary  to  carry  the  series  beyond  three.  The  last  for* 
mula  in  each  vertical  or  homologous  series  is  a  general  formula  for  the  whole  series 
in  which  the  co-efficient  n  stands  for  any  simple  number. 

All  condensed  orthic  acids  may  be  considered  to  be  compounds  of  the  normal 
orthic  acid  H4Si04  with  the  meta-acids  ;  all  condensed  meta-acids  are  multiples  of 
the  normal  meta-acid  H^SiOg ;  all  condensed  anhydro-acids  are  combinations  of 
meta-acids  with  the  anhydride  SiOf.  The  molecules  of  the  condensed  orthic  and 
anhydro  acids  are  consequently  made  up  of  two  different  kinds  of  molecules,  the 
molecules  of  the  meta-acids  of  only  one.  This  will  be  better  understood  from  the 
following  table,  which  shows  the  constitution  of  all  the  isologous  acids  containing 
six  atoms  of  siHcon  : — 

Meta-Mlda.        OrthkMld. 

Orthic  Acid  .     .     H^Si^Oi,  =  HioSijOi,  -h  H48i04 
Meta-Acid    .     .     HisSijOia  =  6H^iO, 

iH,oSi«Oir  =  HjoSijOu  H-'SiS/" 
HgSieOie   =  H8Si40i,   +  2SiO, 
H^SiflOi,   =  H^SijO,     +  3Si0, 
H4Si«0i4  =  H4Si,0e     +  4SiO, 
HjSieOi,  '=  H^iO,      +  6SiO, 

This  table  shows  why,  on  the  one  hand,  we  do  not  often  find  free  quartz 
associated  with  ortho  or  meta  silicates,  while  on  the  other  it  is  very  generally 
associated  with  anhydro-silicates.  Thus  anorthite,  nepheline,  leucite,  and  augite, 
scarcely  eyer  occur  in  rocks  containing  free  quartz  ;  while  the  anhydro-silicates, 
orthoclase,  and  albite,  always  occur,  as  in  granites,  with  abundance  of  it 

Silica  in  one  state  is  very  soluble  in  water,  and  a  pure  solution  of  it  may  be 
obtained  by  dialysis ;  it  becomes  insoluble  after  it  has  once  gelatinised.  In  the 
nascent  state  it  dissolyes  more  or  less  f^^y  in  adds,  but  after  it  has  gelatinised  or 
precipitated,  it  becbmes  very  sparingly  soluble.  Thus  it  is  readily  soluble  in 
hydrochloric  add  when  silicates  are  decomposed  by  that  add  ;  the  sulphuric  add 
formed  by  the  natural  oxidation  of  pyrites  dissolves  a  considerable  amount  of  silica, 
when  it  acts  on  clays  and  slates,  etc  Even  carbonic  acid  dissolved  in  water 
appears  to  possess  tiiis  power,  especially  when  it  acts  on  argillaceous  limestones. 
Thisexplains  the  presence  of  silica  in  river  and  spring  waters.  This  silica,  whether 
present  as  a  free  add  or  as  a  calcic  silicate,  is  predpitated  along  with  the  carbonates, 
when  the  water  is  boiled,  or  when  it  evaporates  in  lakes,  or  in  the  ocean.     Under 


ROCK-FORMING  MINERALS.  59 

oonsiderable  pressure,  and  at  high  temperatures,  silicates  are  decomposed  by- 
alkaline  or  acid  solutions,  and  the  silica  dissolved  more  freely  than  under  ordinary 
pressure. 

Silicic  anhydride  may  he  melted  into  a  viscid  transparent  liquid  by  the  ozy- 
hydrogen  blowpipe ;  on  cooling,  it  solidifies  into  a  glass  which  is  readily  acted  upon 
by  alkaline  solutions.  Crystallised  silicic  anhydride  has  a  specific  gravity  of  2  '6, 
that  of  the  glass  of  melted  silica  2*2,  amorphous  silica  2'1.  These  differences  are 
of  great  importance  in  connection  with  the  igneous  origin  of  granite  and  other  crys- 
talline rocks,  inasmuch  as  we  ought  sometimes  to  find  glassy  silica  in  rocks  if  they 
had  been  in  a  state  of  igneous  fusion. 

Quarts. — ^Natural  silicic  anhydride  is  the  mineral  quartz.  The  usual  crystal- 
line form  of  quartz  is  a  hexagonal  or  six-sided  prism,  pointed,  when  complete,  at 
both  ends  by  hexagonal  pyramids.  Doubly  terminated  crystals  are,  however,  un- 
common, and  appear,  as  has  been  already  pointed  out,  to  be  formed  in  gelatinous 
masses.  The  forms  are  very  simple,  if  we  pay  no  attention  to  the  small  faces,  but 
owii^  to  the  number  of  the  latter,  the  distinct  faces  which  can  occur  in  the  quartz 
series  are  numerous.  M.  Descloizeaux  has  pointed  out  the  existence  of  more  than 
150  modifications.  Quartz  minerals  belong  to  three  categories : — 1.  Crystallised 
quartz  or  rock-crystal ;  2.  Uncrystallised  or  crypto-crystalline  or  chalcedony  ;  and 
8.  Hydrated  quartz. 

1.  Trarupareni  CryatalUsed  Quartz  or  Rock-Crystal. — The  smaller  crystals  are. 
commonly  known  as  Irish  diamond,  Bristol  diamond,  etc. ;  large  masses  are  called 
"  pebble,"  and  are  used  for  lenses  of  spectacles.  When  coloured  violet  it  is  the 
common  amethyst ;  the  latter,  however,  has  also  some  peculiarities  of  crystalline 
structure.  The  brown  and  blackish  coloured  variety  of  quartz  is  called  smoked 
quartz  or  Cairngorm  stonis,  from  the  name  of  a  mountain  in  Scotland.  The 
term  "  Cairngorm  stone  "  has,  however,  in  practice  a  much  wider  extension,  being 
applied  to  stones  of  all  shades  of  colour,  from  pale  yellow  to  black.  The  rich 
yellows  known  as  citrin  are  rare,  but  are  imitated  by  burnt  amethysts ;  the 
yellowish-brown  are  called  cinnamon  or  pierre  de  candle — these  names,  however, 
belong  more  properly  to  a  variety  of  garnet  The  black  are  also  called  morion. 
Roae  quartz  Lb  seldom  found  in  distinct  crystals,  and  is  usually  only  semi-trans- 
lucent. Common  quartz  is  the  name  given  to  aU  opaque,  colourless,  or  partly 
coloured  crystals  and  crystalline  masses,  such  as  that  forming  veins  in  other  rock, 
and  distinguished  as  vein  quartz. 

2.  Uncrystallised  or  Crypto-crystaUine  Quartz. — Under  this  category  may  be  in- 
clnded  all  the  nunerals  which  represent  the  passage  of  quartz  from  the  colloid  to 
the  crystalloid  state.  Under  this  category  come  the  great  variety  of  .minerals 
which  ivceive  the  collective  name  of  chalcedony.  They  are  colloid  quartz,  which 
has  slowly  solidified,  and  as  it  did  so  began  to  pass  into  the  crystalloid  state.  In- 
deed, according  to  Fuchs,  they  are  mixtures  of  amorphous  and  crystallised  quartz, 
the  former  of  which  may  be  removed  by  caustic  alkalies.  They  are  all  semi-trans- 
parent or  translucent  Chalcedony  is  derived  from  Chalcedon,  an  andent  city  of 
Asia  Minor,  now  the  village  of  Eadi-Kioi  near  Brusa.  In  a  more  limited  sense  it 
is  applied  to  the  opalescent  greyish-blue  or  yellowish  non-crystalline  quartz,  which 
occurs  in  stalagmitic  and  stalactitic,  botryoidal,  nodular,  and  reniform  masses  in 
hollows,  often  covering  over  minerals  of  tiie  roost  different  kinds.  It  sometimes 
occurs  in  thin  bands.  In  some  Indian  stahictites  the  roots  are  chalcedony,  but 
towards  the  end  the  colloid  silica  became  crystalline  and  formed  quartz  crystals, 
which  in  some  specimens  have  trihedral  summits.  Cameiian  (from  caroy  flesh)  is 
a  chalcedony  of  a  bright  red,  sometimes  of  a  yellowish-red  and  white  colour,  the 
colours  being  due  to  ferric  oxide.  Chrysopras  (fh)m  xp^^^"  ffpdaoiff  golden  leek)  is 
chalcedony  coloured  green  by  nickel  Plasma  {vXdafiOy  anything,  moulded  in  soft 
material)  is  a  dark  or  leek  green,  faintly  translucent,  chalcedony.  If  bright  red 
spots  occur  in  it,  as  if  from  intermixed  camelian,  it  is  called  heliotrop.     Onyx 
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(from  Srv^t  tbe  nail  of  the  finger)  is  a  chalcedony  composed  of  two  or  three  differ- 
ently-coloured  layers.  When  one  of  these  is  of  a  deep  brown  colour,  and  covered 
with  a  thin  bluish-white  layer,  it  is  the  onicolo  or  nicolo  used  for  cameos,  the  brown 
layer  forming  the  ground,  and  the  figure  being  cut  out  of  the  white  layer ;  when  the 
layers  of  onyx  are  concentric,  the  centre  being  brown  and  surrounded  by  a  white  ring, 
they  are  called,  when  cut,  eye^tanes.  Fine  reddish-brown  or  liyer^^oloured  chalcedony 
is  called  sard,  from  the  ancient  Sardis  in  Lydia,  or,  as  some  think,  ^m  ffdp^,  raw 
flesh.  Alternate  layers  of  camelian  and  opalescent  chalcedony  constituted  aanUmifZ. 
Agates  (from  the  river  Achates,  in  Sicily,  where  they  were  first  found)  are  concre- 
tionary masses  of  all  the  preceding,  deposited  in  layers  one  upon  the  other,  usually 
in  hollows  in  volcanic  rocks.  These  concretions  are  due  to  the  dialysis  of  solutions 
of  silicates,  the  crystalloid  bases  going  away  through  the  porous  stone.  When  cut 
across,  the  sections  of  the  agates  show  tiie  layers.  Sometimes  the  centre  consists  of  a 
mass  of  radiated  amethyst  crystals,  or  of  colourless  crystals,  having  the  structure  of 
amethyst.  Sir  David  Brewster  estimated  as  many  as  17,000  layers  in  an  inch  of 
one  specimen  of  agate.  The  term  jasper  is  now  applied  to  impure  opaque  quartx 
masses,  found  as  concretions  like  flints,  or  in  layers  in  other  stones.  The  usual 
colours  are  various  shades  of  red,  but  green  and  yellow  colours  are  also  frequent. 
When  the  colours  occur  in  alternate  layers  it  is  called  striped  or  riband  jasper. 
The  imp\irities  are  chiefly  silicates  of  alumina  and  iron.  In  most  limestones  concre- 
.tionary  masses  of  silica  occur.  In  the  older  rocks  these  concretions  are  termed 
homstone,  or  chert ;  in  the  chalk  they  are  /lints,  which,  according  to  Ehrenbeig, 
consist  for  the  most  part  of  the  remains  of  infusoria.  Similar  masses,  almost 
identical  with  flints,  occur  in  the  Jura  limestone.  In  the  tertiary  beds  of  Paris 
the  flints  are  represented  by  a  hydrated  silica  memlite,  which  is  also  infusoriaL 
It  is  probable  that  some  of  the  homstones  of  the  carboniferous  limestones  are 
also  of  organic  origin  ;  but  that  all  are  not  so  is  proved  by  the  partial  conversion 
of  fossil  corals  into  homstone — a  fact  which  shows  that  the  homstone  is  due  to  a 
subsequent  pseudomorphosis.  Lydianstone,  touchstone,  or  basanite,  is  simply  a 
jasper-like  siliceous  rock  coloured  by  charcoal,  which,  on  account  of  its  hardness, 
is  used  as  a  touchstone  for  gold.  Oranular  quartz  or  quartz  rock,  HaeolumUe^ 
huhrstone,  kiesel-schi^er  or  pJManite,  and  the  various  sandstones,  though  consist- 
ing almost  entirely  of  silica,  are  true  rocks,  and  their  description  belongs  to 
the  next  section  of  this  Manual. 

8.  The  facility  with  which  hydrated  silica  loses  water  prevents  the  formation  of 
great  masses  of  minerals  composed  of  hydrated  silica.  The  term  opal  may  be  applied 
to  all  compact  uncrystalline  semi-translucent  to  opaque  hydrated  silica,  contain- 
ing from  8  to  18  per  cent  of  water,  and  a  specific  gravity  of  from  1*9  to  2*3.  They 
are  obviously  solidified  gelatinous  silica.  When  of  a  milk-white  colour,  opalescent, 
and  exhibiting  a  rich  play  of  colours,  it  \b  the  noble  opaL  When  not  opslescent,  it  is 
common  opal  or  halb-  or  semi-opoL  When  porous  and  opaque,  but  becoming  trans- 
parent in  water,  it  is  called  hydrophane.  When  nearly  opaque,  of  a  bluish-white 
porcelain  colour,  and  adhesive  to  the  tongue,  it  is  called  oachoUmg.  Wood  opal  is 
simply  silicified  wood.  Sometimes  the  stracture  is  perfectly  preserved,  at  others 
it  is  almost  obliterated,  and  presents  in  the  same  specimen  all  the  graduations  fh>m 
the  milk-white  of  semi-opal  to  the  brown  of  meniUte  already  mentioned. 

Besides  the  opals  proper  there  are  several  other  hydrous  siliceous  minerals  of 
interest,  among  which  may  be  mentioned : — 1.  The  glassy  variety  called  hyaUte. 
2.  The  sinters,  or  loose  deposits  from  waters,  which  occur  sometimes  as  porous 
stalactitic,  botryoidal,  fibrous,  etc.,  masses;  and  sometimes  in  compact  masses, 
and  called  siliceous  sinter  or  Oeyserite,  from  the  Geysers  of  Iceland :  Jiorile,  or 
pearl  sinter,  found  in  shining  globular  and  botryoidal  masses  in  cavities  of  volcanic 
tufa.  Another  variety  of  this  mineral,  having  a  specific  gravity  of  1*88,  and  con- 
taining 16*85  per  cent  of  water,  representing  the  anhydro-acid  H4Si308,  has  been 
named  michaelUe,  from  St.  Michaels  in  the  Azores,  where  it  occurs  as  a  white 
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peaily  fibrous  mineral.  8.  The  earthy  deposits,  such  as  Randanite,  and  the  friable 
white  deposit  from  above  the  Upper  Green  Sand,  described  by  Way.  Randanite, 
which  derives  its  name  from  Rimdon,  in  the  Puy  de  Ddme,  where  it  was  found, 
consists  of  the  casts  of  infusoria.  It  is  probable  that  most,  if  not  all,  hydrous  sili- 
ceous earths  are  of  organic  origin. 

The  minerals  enclosed  in  crystals  of  other  minerals,  or  what  we  have  for  conve- 
nience  called  endomorpha,  the  enclosing  minerals  themselves,  or  perimorphs,  and  the 
imitative  forms  which  minerals  assume  when  they  fill  the  place  of  decayed  minerals, 
or  are  produced  as  the  result  of  that  decay  by  the  addition  to  or  loss  of  some  of  the 
materials  of  the  original  minerals,  or  pseudomorphs,  afford  us  the  most  valuable  and 
tnstworthy  evidence  of  the  genesis  and  metamorphoses  of  minerals,  and  of  the  rocks 
which  they  form.  Their  study  puts  an  end  to  many  crude  theories  and  unscientific 
guesses  as  to  the  mode  of  formation  of  rocks.  Few  minerals  afford  so  numerous 
and  instructive  examples  of  each  class  as  quartz,  and  for  this  reason  we  think  it 
desirable  that  the  student  should  possess  as  complete  lists  of  them  as  possible. 

EndomorphSf  or  enclosed  minerals,  observed  in  quartz  crystals. — NorirMetalUc 
Bodies:  sulphur,  graphite,  anthracite.  MttaU:  gold,  silver,  copper.  Halogen  comr 
pounds:  fluor-spar.  Anhydrous  metaUic  oxides:  rutile,  anatase,  brookite ;  specular 
iron,  magnetite,  micaceous  iron,  red  oxide  of  iron ;  pyrolusite ;  oxide  of  tin  or  cassite- 
rite ;  bismuth  ochre.  Hydrates :  limonite  or  brown  hematite,  gdthite  (pyrrhosi- 
derite,  onegite,  needle  iron  ore,  etc.)  Sulphurets :  pyrites,  pyirhotine  or  magnetic 
pyrites,  marcasite,  nuspickel,  chalcopyrite  or  copper  pyrites,  erubescite  or  varie- 
gated copper,  galena,  blende,  manganblende,  cinnabar,  molybdenite,  stibnite  or 
antimony  glance,  zLnkenite,  heteromorphite  or  feather  ore,  pyrargyrite  or  ruby 
silver,  tetrahedrite  or  fahlerz,  stephanite  or  brittle  silver,  silver  glance.  Telltirides : 
foliated  teUurlum  or  nagyagite.  SiUphates:  barytes,  anhydrite.  Phosphates: 
pyromorphite.  Arseniates  (hydrous):  erythrine  or  oobalt  bloom.  Carbonates: 
dolomite,  calcite,  chalybite,  magnesite.  Silicates  (anhydrous):  augite(?),  horn- 
blende (amianth,  asbestus,  grammatite,  actinolite,  byssolite),  acmite ;  beryl ; — 
garnet;  epidote,  thallite;  axinite  ; — mica; — orthoclase,  albite; — topaz,  lievrite  ; 
sphene  or  titanite ;  tourmaline.  Hydrous  silicates  (magnesian) :  talc ;  chlorite  ; 
(non-magnesian)  calamine,  carpholite ;  clay ; — and  the  zeolites, — chabazlte ;  stil- 
bite.     litanates,  ilmenite,  crichtonite;  Tungstates,  scheelite,  wolfram. 

Besides  these,  quartz  crystals  contain  asphalt,  basalt,  and  granite.  Most  quartz 
ciystals  contain  cavities,  some  of  which  contain  water,  oil,  and  bubbles  of  air. 
Some  of  these  cavities  contain  loose  crystals,  or  a  minute  grain  of  sand.  Some- 
times the  cavity  is  so  filled  with  crystals  that  their  form  cannot  be  determined. 
When  their  forms  can  be  observed  they  are  found  to  be  cubes,  prisms,  etc  The 
quartz  crystals  when  crushed  yield  traces  of  chloride  of  sodium,  calcic  sulphate, 
etc  The  air-bubbles  are  often  so  numerous  that  the  crystal  becomes  opaque  In 
vein-qnartz  the  air-bubbles  are  often  not  more  than  -n^^l^  of  an  inch  apart,  so  that 
a  thousand  millions  of  them  exist  in  a  cubic  inch. 

Qoartz  crystals  frequently  enclose  other  crystals  of  quartz.  Sometimes  the 
enclosed  quartz  is  coated  with  crystals  of  other  minerals,  such  as  chlorite  Again, 
a  series  of  planes  can  be  noticed,  parallel  to  some  face,  generally  the  terminal 
pyramidal  planes,  indicating  successive  stages  of  growth.  Occasionally  we  have 
evidence  of  a  change  in  the  conditions  of  growth  of  the  cr3rstal  between  the  depo- 
sition of  one  layer  or  shell  and  the  others.  Thus  we  find  the  interior  of  crystals 
]>erfectly  transparent,  while  the  other  is  perfectly  opaque  and  white  from  air- 
bubbles,  showing  that  the  solution  in  which  the  last  layer  was  formed  contained 
gas.  More  rarely,  an  outer  layer  of  transparent  quartz  covers  the  opaque  one. 
This  i^enomenon  may  also  be  seen  in  fluor,  there  being  sometimes  two  or  three 
opaque  layers  alternating  with  transparent  ones. 

Perimorphs,  or  crystals  enclosing  quartz  crystals. — Metals:  gold.  Fluorides: 
fluor-spar.     Oxides:   tin  stone.      Sulphurets:   pyrites,  galena,  tetrahedrite    or 
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fahlerz,  sknttarudite  or  ansenikkobaltkies,  molybdenite,  cobaltine,  pym-gyrite  or 
ruby  silver.  Sulphates:  barytes,  gypsum.  Borates :  boracite.  Phosphate: 
apatite.  Carbanaies :  calcite,  chalybite,  smithsonite.  SiltccUes  (anhydrous) : 
hornblende,  beryl,  garnet,  idocrase,  mica,  orthoclase,  sanidin,  albite,  topaz, 
kyanite,  tourmaline  ;  (hydrous)  clay  or  halloysite  or  bole,  apophyllite,  heulandiie^ 
praseolite  or  hydrated  iolite  or  cordierito.  Chromates:  chromate  of  lead,  tong- 
states,  scheelite. 

Pseudovwrphs. — Quartz  in  the  form  of:  Fluorides:  fluor-spar.  Oxides: 
corundum,  oxide  of  iron.  Sulphurets :  pyrites,  galena.  Sulphates :  gypsnm, 
anhydrite,  barytes.  CarboTiaies:  calcite,  bitter-spar,  chalybite,  baryto-caldt«, 
cerusite,  smithsonite,  diallogite.  Silicates:  scapoUte  (andalusite — I),  angite, 
garnet,  prehnite,  heulandite,  stilbite,  natrolite,  calamine.  Phosj^uUes:  pyromor- 
phite.  Tungstates:  scheelite,  wolfram.  Eisenkiesel  in  the  form  of:  caldtei 
Chalcedony  in  the  form  of :  fluor-spar,  calcite,  bitter-spar,  barytes,  psrromorphite, 
datholite.  (Camelian,  chalcedony  proper,  and  prase,  occur  in  the  form  of  calcite.) 
HomsUme  in  the  form  of:  fluor-spar,  calcite,  chalybite,  mica.  Sendopal  in  the 
form  of:  calcite.  Jasper  in  the  form  of:  hornblende.  Other  minerals  in  the 
form  of  quartz:  hematite,  limonite,  pjrrites,  steatite,  chlorite. 

Ck>ruxidum,  or  native  aluminic  oxide  or  Alumina,  Al^O,,  crystallises  in  six- 
sided  prisms  and  pyramids.  When  transparent,  and  coloiu^  blue,  it  is  the 
sapphire ;  when  red,  the  ruby,  the  most  valuable  of  all  gems ;  when  green,  the 
oriental  ruby,  one  of  the  rarest  gems.  £mery  is  an  impure  corundum,  containing 
ferric  oxide.  Alumina  can  be  obtained  by  dialysis  in  a  soluble  state ;  in  its  cn^ 
dinary  condition  it  is  one  of  the  most  insoluble  bodies  known.  In  the  flame  of  the 
oxy-hydrogen  blowpipe  alumina  melts  into  a  viscid  liquid,  which  solidifies  into  a 
transparent  glass.  The  normal  hydrate  of  aluminium  is  All(Ho)^*  Al,(Ho)*  or 
AljOj,  dB.fi  ;  it  occurs  in  nature  as  the  mineral  gibbsite  or  felsSban^te^f  and  crys- 
tallised as  hydrargyUiU.  The  meta-hydratc,  A110,(Ho)«,  H^04,  or  Al^GjHsO,  also 
occurs  in  nature  as  the  obscurely  crystallised  mineral  diaspore.  The  latter  minetal 
is  found  in  chlorite  slate,  and  also  accompanies  emery.  There  is  also  an  opaque 
amorphous  hydrate  containing  ferric  hydrate,  called  bauxite.  Alumina  forms  salts 
called  aluminates,  corresponding  to  the  meta-hydrate,  H^Alfi^.  The  most  im- 
portant of  these  are  the  spinels  :  Mg''Al,04,  the  magnesian  spinel,  or  balas  raby, 
Zn*Al204  ;  gahnite,  the  zinc  spinel,  Fe'Alj04 ;  Hercinite,  or  the  iron  spineL  If 
glucinium  be  a  bivalent  metal,  the  chrysoberyl  should  have  the  formula  Be'Alfi^ 
analogous  te  the  spinels,  with  which  it  agrees  also  in  form.  Besides  the  numerous 
aluminous  silicates,  in  some  of  which  the  alumina  appears  to  act  the  part  of  add 
as  well  as  base,  and  the  sulphates  or  alums,  aluminium  forms  the  interestiiig 
halogen  mineral  cryolite  Na^AlF^,  or  Na^AIjF]}. 

The  observations  of  Brewster  on  Brazilian  chrysoberyls  are  important  in  con- 
nection with  the  genesis  of  minerals.^  He  found  layers  full  of  cavities  containing 
liquids  difierent  from  water.  In  one  crystal  he  observed  two  parallel  layers,  in  one 
of  which  he  observed  not  less  than  80,000  such  cavities  in  about  l-7th  of  a  square 
inch.  Sometimes  the  cavities  contained  two  fluids  which  did  not  mix.  He  noticed 
ih  some  cases  that  the  fluid  deposited  dark  matter  which  appeared  cellular,  as  if 
of  organic  origin.  Some  layers  contain  cavities  filled  with  fluids  without  any  air- 
bubbles. 

Oxides  of  Iron  — ^Two  oxides  of  iron  occur  as  minerals — ferric  oxide,  oouk* 
monly  cxilted  sesquioxide  or  peroxide  of  iron,  Fefi^  and  ferrosoferric  oxide,  Fe304 
or  FeTe%04.     Ferric  oxide  occurs  in  several  states, — crystalline,  massive,  earthy, 

•  The  symbol  All  is  used  for  the  double  atom  Alj,  which  occurs  in  all  natural  aluminous 
compounds. 

t  The  name  gibbsite  is  sometimes  applied  to  a  phosphate  of  alumina  alsa 
I  Transaetioiu  qfJRoyal  Society  qf  Edinburgh,  x  10. 
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compact,  and  friable.  When  distinctly  cryBtallised  in  fonns  of  the  hexagonal 
system,  having  a  metallic  lustre,  and  a  specific  gravity  of  4*8  to  5*3,  it  is  called 
speevko'  iron.  When  it  assumes  a  micaceous  structure  it  is  called  micaceffus  irtm. 
The  compact  variety,  having  sub-metallic,  or  no  metallic  lustre,  occurring  in  mam- 
miUary  dendriform  masses,  and  having  a  fibrous  structure,  is  called  hematite,  a  name 
which  is  now  used  as  the  generic  name  of  all  the  varieties.  The  soft  varieties  are 
called  red  ochre  or  eisenrahmy  or  red  iron  frothy  or  scaly  red  iron  when  it  consists 
of  slightly  coherent  scales.  It  also  occurs  mixed  with  various  proportions  of  clay, 
as  argiUaxeoue  iron  ores,  reddle  or  red  chalk,  etc  Specular  iron  occurs  chiefly  in 
uhistose  and  crystalline  rocks,  and  is  sometimes  found  in  ejected  lava.  Hematite, 
including  under  this  term  all  the  varieties,  occurs  in  veins  associated  with  calcite, 
quartz,  and  barytas,  and  in  beds.  The  softer  varieties  occurring  in  secondary  rocks 
in  the  condition  just  mentioned,  and  also  in  nodules  or  lumps  in  shales,  are  the 
result  chiefly  of  the  decomposition  of  chalybite  or  carbonate  of  iron.  The  fibrous, 
and  massive  reniform  or  kidney  iron  ore,  may  be  considered  as  the  passage  from 
the  colloid  hydrated  to  the  crystallised  oxide. 

Two  hydrates  of  ferric  oxide  are  known — lAmonite  or  broum  hematite,  and 
gd(kiie.  The  former  represents  the  orthic  hydrate,  Fe,(Ho)*,  or  Fe'jOgSHjO.  It 
occurs  in  mammillary,  stalactitic,  and  botryoidal  forms,  fibrous,  sub-fibrous,  mas- 
sive, and  earthy,  but  at  most  only  indistinctly  crystallised.  The  orthic  hydrate 
should  contain  25*23  per  cent  of  water,  b«t,'  except  some  bog-iron  ores,  it  rarely 
exceeds  from  13  to  15  per  cent.  Bog-iron  ore  appears,  like  the  corresponding 
earthy  hydrated  silica,  to  have  been,  in  part  at  least,  produced  by  the  action 
of  animals.  Yellow  ochre  {vitriol  ochre,  etc.)  is  an  argillaceous  variety,  containing 
basic  ferric  sulphate,  silicates,  arsenates,  etc  Limonite  occurs  in  secondary  and 
recent  formations,  being  formed  by  deposition  from  water,  or  oxidation  of  carbonate 
derived  from  denudation  of  calcareous  and  dolomitic  rocks.  Yellow  ochre  is  per- 
haps in  most  cases  a  deposit  from  water  containing  green  vitriol  derived  from  the 
oxidation  of  pyrites. 

GdthiU  is  the  metarhydrate  Fe'',0,(Ho)^  or  Fe,0„H,0,  which  should  contain 
10 '11  per  cent  of  water.  It  crystallises  in  rhombic  or  trimetric  prisms,  and  also 
occurs  fibrous,  reniform,  foliated  or  scaly,  and  massive.  Its  colours  are  yellowish, 
reddish,  and  blacJdsh-brown.  There  are  many  varieties,  difiering  chiefly  in  struc- 
tare,  colour,  and  associations ;  thus,  rubingUmTner  is  a  hyacinth-red  micaceous 
variety ;  atUpnoeiderite  is  an  amorphous  stalactitic  or  massive  kind ;  needU^ron 
ore  is  a  fibrous  radiated  variety. 

Native  ferroso-ferric  oxide  is  called  magnetite,  from  the  circumstance  that  the 
natural  loadstone  is  chiefly  of  this  ore.  It  occurs  chiefly  crystaUine,  the  crystals 
being  modifications  of  the  octahedron,  sometimes  of  the  rhombic  dodecahedron.  Its 
colour  is  usually  black.  It  has  generally  a  metallic  lustre.  It  is  also  found  granu- 
lar, compact,  earthy,  and  as  sand.  It  occurs  both  in  veins  and  beds,  associated 
with  gneiss,  syenite^  clay-,  chlorite-,  and  hornblende-slates  and  greenstones.  It 
also  occurs  dineminated  through  those  rocks,  of  which  it  forms  an  important  con- 
stituent It  may  be  looked  upon  as  the  representative  of  the  spinels,  in  which  the 
alumina  is  replaced  by  ferric  oxide — ^indeed,  some  varieties  contain  magnesia.  The 
variety  known  as  /rankUnite,  in  which  zinc  and  manganese  replace  more  or  less 
the  ferrous  oxide,  represents  gahnite  or  zinc  spineL 

Hematite  and  magnetite  occur  as  true  rocks,  sometimes  forming  whole  moun- 
tain masses,  such  as  the  Magnetberg  in  the  Otu-al,  and  Iron  Mountain  and  Pilot 
Knob  in  the  Rocky  Mountains.     The  two  latter  consist  of  hematite. 

Perimorphs, — The  following  minerals  inclose  specular  iron :  fluor-spar,  quartz, 
rutile,  zincite,  pyrites,  barytes,  apatite,  bitter-spar,  scapolite,  dichroite,  cancri- 
nite,  adular,  albite,  oligoclase,  topaz,  heulanditc  The  following  minerals  have 
been  described  as  perimorphs  of  magnetite:  quartz,  bitter-spar,  dolomite,  apatite, 
aogite,  actinolite,  garnet,  idocrase,  scapolite,  epidote,  allanite  ((»rthite),  sodalite. 
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neplieline,  orthoclase,  topAz,  tourmaline,  pbillipsite,  datholifce.  Oxide  of  iron 
has  been  found  inclosed  in :  quartz,  rutile,  diaspore,  chalybite,  cerusite,  smitit- 
sonite,  anglesite,  garnet,  zircon,  natrolite  (beigmannite).  Iron  foam  has  been 
found  inclosed  in :  fluor-spar,  calcite,  bitter-spar,  barytes,  analcime,  diabazite, 
harmotome. 

Endonurrphs. — The  following  minerals  have  been  noticed  as  endomcrphs — 
that  is,  inclosed  in  magnetite:  pyrites,  copper  pyrites,  amianthus,  scapolite, 
nepbeline,  talc,  chlorite  ;  in  irorirglance:  rutile,  brookite. 

Pseudomorphs. — ^The  following  pseudomorphs  of  the  oxides  of  iron  haye  been 
described  : — Hematite  in  the  form  of :  fluor-spar,  quartz,  magnetite,  limonite, 
gothite,  pyrites,  barytes,  calcite,  dolomite,  chalybite,  pharmaoosiderite  or  arseniate 
of  iron,  garnets.  Limonite  in  the  form  of:  fluor-spar,  quartz,  red  copper,  specular 
iron,  pyrites,  marcasite,  galena,  blende  leucopyrite,  barytes,  calcite,  dolomite, 
chalybite,  ankerite,  spherosiderite,  cerusite,  pyromorphite,  pharmacosiderite 
scorodite,  augite  (pyroxene),  jefiersonite,  beryl,  thomsonite  (comptonite).  Odthiie 
in  the  form  of:  pyrites,  barytes,  calcite,  dolomite,  smithsonite,  calamine,  TiTiamt& 
Magnetite  in  the  form  of :  8i)ecular  iron,  chalybite,  actinolite,  mica. 

Pyroliuite.— Manganese  is  very  widely  diffused.  Small  quantities  of  it  are 
present  in  nearly  all  iron  ores.  Although  manganese  minerals  rarely  occur  in  such 
masses  as  to  constitute  rocks,  and  that  the  metal  itself  does  not  form  an  important 
constituent  of  rocks,  yet  Arom  the  functions  which  it  appears  to  perform  in  many 
decompositions,  the  student  should  be  acquainted  wiUi  the  forms  in  which  it 
naturally  occurs.  The  most  important  compound  of  manganese  is  the  manganic 
dioxide  or  pyrolusite,  a  black  or  dark  steel-grey  mineral,  which  occurs  massive, 
granular,  and  renifomi,  with  a  fibrous  oiystfldline  structure.  The  sesquioxide  of 
manganese  Mn^Og  also  occurs  as  braunite,  and  hydrated  as  the  common  ore  man- 
ganite  Mn^OsH^O.  Some  specimens  contain  much  more  water,  so  that  it  probaUy 
represents  limonite,  with  which  it  appears  to  be  isomorphous.  The  representatiTe 
of  the  meta-hydrate  is  polianitey  which  is  isomorphous  with  gtfthite.  There  is 
another  ore  of  manganese,  containing  a  variable  quantity  of  water,  but  to  which 
no  definite  formula  can  be  assigned,  psilomelan.  This  mineral  is  probably  a  mix- 
ture. There  is  also  a  representative  of  magnetite,  the  manganoso-manganic  oxide 
Bin''Mn'",04  or  hausmannite, 

Pyrolusite,  hausmannite,  and  braunite  occur  as  pseudomorphs  in  the  form  of 
manganite,  and  all  four  in  Uie  form  of  calcite. 

Sulphides  of  Iron, — ^Two  sulphides  of  iron  occur  in  nature,  ferric-disulphide 
FeS,,  and  ferroso-ferric  sulphide  Fe3S4,  or  Fe'FtTfi^.  Ferric-disulphide  is  dimorphic. 
When  it  crystallises  in  the  monometric  system  it  is  called  pyrites^  and  by  miners 
mundic;  when  it  crystalUses  in  the  trimetric  or  rhombic  system  it  is  called  marca- 
site.  Pyrites  occurs  dystallised  in  cubes,  octahedrons,  cube-octahedrons,  pentagonal 
dodecahedrons,  etc. ;  also  in  cylindroidal  and  globular  stalactites  and  mammillated, 
the  surface  being  covered  with  crystalline  facettes,  and  the  interior  fibrous,  com- 
pact, etc.  Pyrites  has  a  characteristic  bronze  to  golden  yeUow  colour,  nearly 
uniform.  Some  varieties  contain  copper;  others  nickel,  or  cobalt,  or  gold,  or 
silver.  Pyrites  is  one  of  the  most  difi^ed  minerals  in  nature.  It  is  found  dis- 
seminated in  rocks  of  all  ages.  It  occasionally  forms  veins  of  considerable  extent, 
or  mixed  with  a  kind  of  clay  thin  beds.  Massive  pyrites,  more  or  less  pure,  or 
mixed  with  clay,  is  used  for  making  sulphuric  acid  under  the  name  of  stUjAur  are. 
Pyrites  is  deposited  by  thermal-mineral  waters,  containing  sulphuretted  hydrogen 
and  iron  at  the  same  time,  such  as  those  of  Chaudes-Aigues  in  Oantal,  and  of 
Bourbon-Lancy  in  the  department  of  Sa6ne-et-Loire.  In  the  throat  of  the  sulphur 
springs  of  Bagnerres  de  Luchon  in  the  Pyrenees,  cubic  crystals  of  pyrites  are  de- 
posited on  crystallised  iMuytes.  According  to  Ebelmen,  pyrites  is  daily  formed 
wherever  organic  matter  in  decomposition  acts  on  the  sulphates  of  mineral  or  sea 
water  in  the  presence  of  ferruginous  mud.     Marcasite  is  of  a  pale  bronze  colour, 


ROCK-FORMING  MINERALS.  65 

sometimefl  inclined  to  grey,  and  has  hence  been  called  white  iron  pyrites.  It 
occurs  in  adcolar  or  fibrous  radiated  masses,  the  strahlkies  or  radiated  pyrites  of 
Werner;  in  macled  crystals,  forming  dendritic  configurations  (spear  pyrites); 
in  crest-Uke  aggregations,  like  the  comb  of  a  cock,  hence  named  cockscomb 
pyrites,  Marcasite,  when  it  begins  to  decompose,  becomes  externally  of  a 
li?er-brown  colour.  The  term  hepatic  pyrites  or  Uberkies  is  given  to  this  variety. 
Marcasite  is  not  so  abundant  a  mineral  as  pyrites  :  it  is  not  found,  for  instance, 
in  beds  or  deposits  in  old  slate  rocks,  but  it  occurs  in  the  mineral  veins  which 
traverse  those  rocks.  It  is  more  or  less  disseminated  in  the  carboniferous  forma- 
tion, and  appears  to  become  more  frequent  the  newer  the  rock.  It  is  disseminated 
often  in  such  a  fine  state  of  division  as  to  be  imperceptible  in  bituminous  shales, 
coal  shales,  etc  In  the  shales  and  clays  of  the  lias  and  cretaceous  periods,  as  well  as 
in  some  coals  of  the  carboniferous  period,  it  occurs  in  the  form  of  baUs  and  irregular 
masses  of  more  or  less  considerable  size.  It  also  occurs  in  radiated  globular  masses 
and  beautiful  spear  macles  in  the  white  chalk  itself.  Arsenical  pyrites  or  mispickel, 
which  contains  arsenic  as  well  as  sulphur,  although  differing  several  degrees  in  its 
angles  from  marcasite,  is  perhaps  homoeomorphous  with  the  latter.  Ferroso-ferric 
sulphide  constitutes  tiie  mineral  pyrrhotine  or  magnetic  pyrites,  which  crystallises 
in  forms  of  the  hexagonal  system.  Its  true  colour  is  between  bronze-yellow  and 
copper-red,  but  owing  to  the  facility  with  which  it  tarnishes  it  is  usually  of  a  reddish- 
brown  colour.  It  is  softer  than  common  pyrites.  It  usually  occurs  massive  in  fissures 
in  crystalline  rocks  with  magnetite,  and  rarely  in  crystallised  plates.  Perfect  crystals 
are  very  rare.    Its  name,  magnetic  pyrites,  is  due  to  its  weak  magnetic  properties. 

The  three  sulphides  of  iron,  when  exposed  to  damp  air,  oxidise,  and  produce 
ferrous  sulphate  or  green  vitrioL  Perfectly  pure  cubic  pyrites  is,  however,  acted 
upon  very  slowly,  and  it  is  therefore  probable  that  the  varieties  of  that  mineral 
which  decompose  readily  are  mixed  with  marcasite,  which  is  sometimes  found  not 
only  associated  with  pyrites  but  penetrating  it.  Marcasite  oxidises  so  readily  that 
it  is  very  difficult  to  preserve  specimens  of  it,  especially  casts  of  fossils  composed  of 
it  Next  to  water  and  carbonic  acid  there  is  no  substance  performs  so  important  a 
function  in  nature  as  an  agent  of  metamorphosis  as  sulphide  of  iron.  During  its 
oxidation  a  considerable  quantity  of  free  sulphuric  add  is  formed,  which,  acting  on 
neighbouring  minerals,  among  others  on  aluminous  silicates,  dissolves  considerable 
quantities  of  matter,  including  a  very  considerable  quantity  of  the  latter.  This 
solution,  when  it  circulates  in  fissures  and  penetrates  rocks,  is  a  powerful  agent  of 
change.  Of  the  quantity  of  aluminous  silicates  dissolved  in  a  nascent  state  in  water 
containing  free  sulphuric  acid  thus  formed,  an  idea  may  be  formed  from  the  fact 
that  the  water  pumped  up  from  one  mine  in  Ireland  annually  carries  away  more 
than  one  hundi^  tons  of  silicate  of  alumina. 

Pseudomorphs. — Substances  which  decompose  so  readUy  and  rapidly,  with 
evolution  of  heat,  increase  of  bulk,  and  the  production  of  soluble  substances  which 
act  upon  surrounding  bodies,  do  not  offer  favourable  conditions  for  the  production 
of  pseudomorphs.  The  following  minerals  are  found  in  the  form  of  Pyrites  : — 
graphite,  quartz,  hsmatite,  gothite,  limonite,  marcasite,  pyrohotine,  copperas. 
Pyrites  is  found  in  the  forms  of  the  following  minerals  :— -quartz,  speculi^  iron, 
marcasite,  mispickel,  pyrohotine,  galena,  stephanite  or  brittle  silver,  polybasite, 
Pyrargyrite  or  ruby-silver,  barytes,  anhydrite,  calcite.  Stephanite  and  calcite 
have  been  observed  in  the  form  of  marcasite.  Pyrites  has  been  found  in  the  forms 
otpyrokoUne  and  mispiekeL 

Perimorphs. — Pyrites  has  been  observed  enclosed  in  the  following  minerals  : — 
diamond,  gold ;  fluorspar ;  quartz,  magnetite ;  pyrites,  pyrohotine,  galena ; 
^>U7tes,  gypsum,  coelestine ;  boracite,  calcite,  bitter-spar,  diallogite ;  augite, 
ii^Alacoltte,  actinolite,  beryl ;  garnet ;  scapolite,  dipyre,  dichroite  or  iolite,  fahlunite 
or  hydrous  iolite  ;  lapis  lazuli,  adularia,  felspar  ;  apophyllite ;  harmotome,  stilbite, 
<iatholite;  scheelite. 
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Marcasite  or  radiated  pyrites  has  been  observed  in  tbe  following  minerals  : — 
gold,  fluor-spar,  quartz,  pyrites,  pyrargyrite  or,  ruby-silTer ;  baiytes ;  caldte, 
magnesite,  chalybite ;  apophyllite  ;  apatite. 

Pyrohotine  has  been  observed  in  quartz ;  pyrites  ;  caldte ;  hornblende,  scapolite 
(wemerite),  dichroite  or  iolite,  apophyllite. 

Endcmorpha. — ^The  following  minerals  have  been  found  in  pyrites  : — carbon, 
gold  ;  fluor-spar  ;  quartz,  specular  iron  ;  marcasite,  pyrohotine,  galena,  realgar ; 
gypsum  ;  calcite  ;  pyrope-gamet,  zircon,  mica,  felspar,  staurotide. 

Snlphates. — ^The  sulphates  of  geological  importance  are :  thenardite,  glaii- 
ber  salt,  glauberite,  gypsum,  anhydrite,  barytes,  and  alnnite. 

Sulphate  of  soda,  although  not  occurring  as  a  rock  except  in  one  instance,  or 
forming  a  constituent  of  rocks,  is  found  under  so  many  circumstances  that  it 
has  great  interest  for  the  geologist  It  exists  in  the  waters  of  many  saline  hot 
springs,  and  especially  in  that  of  Carlsbad ;  it  is  formed  in  winter  in  salt  lakes 
containing  sulphate  of  magnesia.  It  sometimes  crystallises  out  mixed  with  the 
latter  as  a  particular  mineral  called  astrakanUe,  Na'tMg^2S04,4U,0,  in  some  of 
the  salt  lakes  about  the  mouths  of  the  Volga.  In  the  region  of  Lake  Aral  are 
several  lakes,  the  waters  of  which  hold  it  in  solution,  and  fh>m  which  it  crystal- 
lises. Many  beds  of  clay  in  this  region  also  abound  in  it.  In  many  of  the  great 
salt  deposits  it  occurs  in  small  quantity.  It  effloresces  at  certain  seasons  on  the 
surface  of  the  soil  in  many  places,  notably  at  Bahia  Blanca,  in  South  America, 
which  derives  its  name  from  the  circumstance.  The  only  recorded  instance 
where  sulphate  of  soda  forms  a  true  rock  is  in  the  valley  of  the  Jarama,  a  tribu- 
tary of  the  Tagus,  in  the  centre  of  Spain.*  It  occurs  there  as  anhydrous  sul- 
phate or  IhcTiardiUj  Na,S04,  and  as  alauberite,  a  compound  of  the  anhydrous 
sulphates  of  calcium  and  of  sodium,  Ca'Na,2S04,  associated  with  clay  and  gypsum 
in  beds  extending  for  several  miles,  and  which  in  some  places  are  from  fifty  to  sixty 
feet  thick.  It  was  in  this  district,  at  Espartinas,  that  thenardite  was  first  dis- 
covered ;  but  until  the  discovery  of  these  beds  it  was  a  very  rare  mineral,  only 
found  at  the  place  just  mentioned,  and  at  Tarapaca  in  Peru,  where  it  is  also 
assodated  with  glauberite.  The  latter,  except  in  the  valley  of  the  Jarama,  is  also  a 
rare  mineral  occurring  in  small  quantity  in  great  salt  deposits.  Thenardite  and 
glauberite,  on  exposure  to  the  air,  absorb  water,  and,  when  acted  upon  by  water, 
dissolve — the  former  entirely  and  the  latter  in  part.  A  deposit  of  glauber  salt^ 
Na',S04lOH,0,  has  accordingly  formed  along  the  escarpment  of  the  beds. 

Calcic  sulphate  or  sulphate  of  lime  occurs  in  nature  hydrated  as  pypmm,  and 
anhydrous  as  anhydrite.  The  latter  is  found  in  connection  with  common  salt, 
the  form  of  which  it  often  imitates,  the  salt  in  turn  being  found  as  a  pseudomorph 
of  the  anhydrite.  Anhydrite  is  harder  than  gypsum,  with  which  it  is  generally 
associated.  It  occurs  in  crystals  of  the  trimetric  or  rhombic  S3rstem,  but  more 
usually  in  lameUar,  saccharoidal,  and  compact  masses.  The  variety  known  as 
vulpaniUy  found  at  Vulpino,  in  the  north  of  Italy,  contains  about  8  per  cent  of 
silica.  Its  spedfic  gravity  is  from  2*889  to  2*957,  and  its  hardness  8*5,  or 
about  that  of  calcite.  It  is  used  as  a  marble  under  the  name  of  bardigiio  di 
Bergamo.  In  Nova  Scotia  anhydrite  forms  extensive  beds  bdonging  to  the 
carboniferous  period. 

Gtfsum,  or  hydrated  calcic  sulphate,  Ca"S04,2H,0,  crystallises  usually  in 
monoclinic  prisms ;  it  also  occurs  laminar,  lamellar,  fibrous,  bacillary,  saccha- 
roidal, and  compact,  mixed  with  calcic  carbonate  or  carbonate  of  lime,  clay,  and 
sulphur  of  various  colours,  but  usually  white.    The  transparent  crystals  are  called 

*  *'  On  the  Deposit  of  Sulphate  of  Soda  in  the  Valley  of  the  Jarama,  near  AraiOares»  in 
Spain/*  by  William  K.  SuUlvan  and  J.  P.  O'Reilly,  AtlantU,  vol.  iv.  p.  MS;  and  "  Notea  oa 
the  Geology  and  Mineralogy  of  the  Spanish  Provinces  of  Santander  and  Madrid,"  by  the 
same  authors  ;  London,  1863. .  . 
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tdenite,  the  fine  fibrous  yariety  satin^stpar,  and  the  saccharoidal  and  compact  varieties 
alabagter.  Gypsum  occurs  in  all  formations,  from  the  upper  silurian  to  the  most 
recent,  especially  in  the  carboniferous,  permian,  and  miocene.  It  is  found 
even  in  crystalline  rocks.  It  is  deposited  during  tiie  evaporation  of  brine,  and  is 
produced  by  the  action  of  sulphuric  acid  generated  by  the  oxidation  of  sulphur  or 
pyrites,  or  evolved  from  volcanic  fissures.  The  quantity  of  sulphuric  acid  some- 
times found  in  volcanic  districts  is  well  illustrated  by  the  hot  springs  of  the 
volcanic  region  of  New  Granada,  in  South  America  ;  two  of  these  produce  actual 
rivers  of  warm  acid  water.  One  of  them,  first  described  by  A.  von  Humboldt,  has 
received  the  expressive  name  of  Rio  Vinagre  or  Vinegar  River.  Gypsum  is  a  very 
soft  mineral,  its  hardness  being  only  1  '5  to  2*0,  or  not  much  more  than  half  that 
of  anhydrite  ;  its  density  is  also  less  than  that  of  that  mineral 

Perimorphs. — ^Anhydrite  has  been  observed  as  an  enclosed  mineral  in  quartz 
and  rock-salt ;  and  gypsum  in  rock-salt,  pyrites,  and  gypsum.  Endomorphs. — 
The  following  minerals  have  been  observed  enclosed  in  g}^um  : — sulphur,  coal, 
brown  coal,  gold,  quartz,  limonite,  pyrites,  marcasite,  chalcopyrites,  cinnabar,  real- 
gar, antimony  glance,  stephanite  or  brittle-silver  ore,  gypsum,  calcite,  bitter-spar, 
azmite,  malachite,  amianthus,  asbestus,  pyrope,  dioptase,  humboldtite  (datholite). 
Pseudomorphs.  — Anhydrite  occurs  in  the  form  of  common  salt,  pyrites,  gypsum, 
and  calcite.  Gypsum  occurs  in  the  form  of  common  salt,  anhydrite,  and  calcite  ; 
quartz,  limonite,  calcite,  and  strontianite  in  the  form  of  gypsum  ;  and  calcite, 
dolomite,  and  common  salt  in  the  form  of  anhydrite. 

Babttes,  baric  sulphate,  or  sulphate  of  barium  Ba''S04,  crystallises  in  the 
rhombic  or  trimetric  system.  Its  hardness  is  2'5  to  3*5,  or  the  same  as  that  of 
calcite.  Its  specific  gravity  is  from  4*38  to  4*72,  hence  the  name  of  heavy-spar 
given  to  it  There  are  also  fibrous,  lamellar,  crested,  globular,  coarsely  laminated, 
granular,  and  massive  varieties.  When  pure  it  is  white,  and  the  crystals  trans- 
parent, but  it  is  often  yellowish-grey,  blue,  red,  or  brown,  and  opaque.  Barytes 
is  a  frequent  mineral  in  metallic  veins  ;  it  also  occurs  as  distinct  veins,  especially 
in  limestones,  sometimes  accompanied  by  sulphate  of  strontium  or  celestine  and 
calcite.  Crystals  of  it  are  found  in  the  hot  sulphurous  springs  of  Bagnerres  de 
Luchon.  Its  chief  geological  interest  lies  in  its  connection  with  mineral  veins,  hot 
springs,  and  pseudomorphism. 

Endotnorphs. — The  following  minerals  havd  been  noticed  in  crystals  of  barytes ; 
— ^bismuth,  mercury,  silver;  fluor-spar;  quartz,  micaceous  iron,  red  iron  foam,  man- 
ganite,  gothite  (pyrohosiderite),  limonite  ;  orpiment,  realgar,  stibnite,  bismuthine, 
silver  glance,  galena,  bleude,  cinnabar,  pyrites,  marcasite,  smaltine,  chalcopyrite, 
heteromorphite,  boumonite  ;  barytes — the  internal  crystal  of  barytes  being  some- 
times separated  from  the  external  shell  of  the  same  mineral  by  pyrites.  Dolomite 
crystals  have  also  been  observed  on  one  side  of  the  internal  crystal — breunnerite 
(bitter-spar).  Cavities  have  also  been  noticed  in  crvstals  of  barytes.  Sometimes 
the  cavities  are  full  of  liquid,  sometimes  only  partially  filled.  Professor  Nicol 
has  noticed  that  the  liquid  in  the  former  case  yielded  crystals  of  barytes  when 
exposed  to  the  air.  In  partially-filled  cavities  the  liquid  has  been  found  to  disap- 
pear at  about  150°  Cent,  so  that  the  liquid  must  have  been  very  volatile.  Peri- 
morphs. — ^Barytes  has  been  observed  enclosed  in  fluor-spar,  quartz,  and  calcite. 
Pseudcmarphs.r—Boxji^  in  the  form  of:  dolomite,  calcite,  witherite,  baryto-calcite. 
Minerals  in  the  form  of  barytes  :  quartz,  red  iron  ore,  limonite,  gothite,  psilome- 
lane  ;  pyrites  ;  calcite,  dolomite,  chalybite,  cerussite  ;  steatite. 

Alunitb  or  Alum-stone  is  a  basic  sulphate  of  aluminium  and  potassium,  formed 
by  the  decomposition  of  trachyte  by  sulphurous  acid  vapours.  It  occurs  chiefly 
massive,  of  a  greyish-white  or  reddish  colour,  from  intermixed  ferric  oxide.  The 
Cavities  of  the  massive  mineral  are  sometimes  lined  with  small  crystals,  the  com- 
position of  which  might  be  represented  by  the  formula  K''jAr5(S04)*,  SCAljO,. 
3H|0),  or  a  mixture  of  that  salt  with  one  having  the  composition  K,A1"](S04)^ 
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2(Alf03.3HjO).  Some  varieties  contain  less  water  than  even  the  latter  formnla 
would  require.  The  massive  varieties  contain  sometimes  as  much  as  60  per  cent  of 
intermixed  silica.  At  Tolfa,  near  Civita  Vecchia,  the  alunite  forms  thick  lajers 
on  trachyte,  which  being  differently  coloured,  owing  to  the  different  states  of  oxida- 
tion of  intermixed  iron,  have  a  ribboned  appearance  when  cut  across.  This  mineral 
is  so  liard  that  it  can  be  polished  so  as  to  form  a  Une  marble.  In  Hungary  it  is  so 
hard  as  to  be  used  for  millstones.  The  formation  of  the  alunite  is  accompanied  by 
the  production  of  large  quantities  of  silica,  some  of  which,  as  just  stated,  remains 
intermixed  with  the  alunite,  but  the  principal  part  forms  quartz  veins,  sometimes 
honey-coloured,  or  of  the  colour  of  eisenkiesel  from  intermixed  ferric  oxide. 

The  production  of  alunite  is  not  to  be  confounded  with  the  formation  of  alum 
from  ordinary  alum-slate.  This  is  a  bituminous  slate  containing  disseminated  sul- 
phuret  of  iron.  When  exposed  to  the  air,  the  latter  oxidises,  and  the  slate  swells 
np,  i¥om  the  formation  of  salts  between  the  layers. 

Garbonates. — The  carbonates  of  the  bivalent  metals  may  be  classified  into 
two  categories  according  to  their  crystalline  forms,  namely,  hexagonal  and  rhombic 
carbonates.  Calcic  carbonate,  or  carbonate  of  lime,  crystallises  in  forms  belong- 
ing to  both  systems,  or,  in  other  words,  it  is  dimorphic.  The  hexagonal  forms 
are  included  under  the  term  calcite^  the  rhombic  under  that  of  aragomte.  All  the 
other  carbonates  are  homoeomorphous  with  one  or  the  other  of  these.  The  calcite 
group  includes  the  carbonates  of  magnesium,  iron,  manganese,  and  zinc  ;  the  ara- 
gonite  group  the  carbonates  of  strontium,  barium,  and  lead.  Of  these  carbonates 
the  only  ones  which  enter  into  the  composition  of  rocks  are  the  carbonates  of  cal- 
cium, magnesium,  and  iron. 

Calcite  or  Calc-Spar  is,  next  to  quartz,  the  most  abundant  mineral  in  natnrew 
Clear  colourless  masses,  cleaving  readily  into  rhombohedrons,  are  found  in  Iceland, 
hence  the  name  of  Iceland  spar  given  to  such  cleaved  pieces  possessing  well-marked 
double  refraction.  Zippe  has  described  in  a  monograph  on  the  subject  forty-two 
different  rhombohedrons,  eighty-five  sclenahedrons,  and  seven  dihexahedrons  of 
calcite.  The  mutual  combination  of  these  simple  forms,  to  which  must  be  added 
hexahedral  and  trihedral  prisms,  gives  rise  to  a  multiplicity  of  modified  forms,  of 
which  De  Boumon  has  described  about  700.  Calcite  is  very  often  mixed  with  other 
isomorphous  carbonates,  Mg'CO,,  Fe'CO,,  Mn''CO„  Zn'CO,,  in  the  most  variable 
proportions.  A  specimen  from  Altenberg  or  Vieille  Montagne,  for  example,  was 
found  to  contain  89*66  per  cent  of  Ca'CO,,  8*23  of  Fe'CO,,  0*69  of  Mn'COj,  and 
1  '01  of  Zn'^CO}.  Some  of  those  mixtures  get  special  names ;  thus  when  the  mineral 
contains  an  equal  number  of  molecules  of  the  carbonates  of  lime  and  magnesia,  it 
is  called  dolomite. 

Pure  calcite  has  a  specific  gravity  of  2*69  to  2*75,  and  its  hardness  is  8  in 
the  scale  of  Mobs,  which  has  ten  degrees,  commencing  with  talc  and  ending  with 
the  diamond.  True  dolomite,  Ca'CO,,  Mg'CO,,  which  would  consist  of  54*8  per 
cent  of  CaCOs  and  45'7  per  cent  of  MgCOj,  is  much  denser  and  harder  than  calcite ; 
its  density  varies  from  288  to  2*95,  and  its  hardness  from  8*5  to  4*5.  It  is  also 
much  more  slowly  acted  upon  by  solvents.  Specimens  of  the  composition  repre- 
sented by  the  formuln  SCaCO,,  2MgC03  ;  2CaC03,  MgCO^,  etc.,  are  also  often  met 
with.  The  composition  of  many  specimens,  especially  of  the  compact  varieties,  can- 
not be  expressed  by  formulae.  The  angle  of  the  type  or  fundamental  rhombohedron 
of  dolomite  is  106^  15',  or  a  mean  between  that  of  pure  calcite  105**  5',  and  of  mag- 
nesite  or  bitter-spar  BiJ^CO„  which  is  107"  26'. 

Carbonate  of  calcium  forms  a  similar  compound  with  carbonate  of  iron,  called 
ankeriUf  which  may  be  represented  by  Ca'CO,,  Fe'COs ;  but  it  is  perhaps  never 
of  this  composition,  for  it  always  contains  some  of  the  other  carbonates,  such  as, 
MgCO,  and  MnCO,.  Plumbo-oaldte  and  BaryUnxdciU  are  calcites  containing  cai^ 
bonate  of  lead  and  carbonate  of  barium  respectively. 

Araoonite  Lb  denser  than  calcite,  although  the  latter  is  the  more  stable  form ;  it 
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is  in  this  respect  an  exception  to  the  role  that  the  most  stable  form  of  dimorphic 
bodies  has  a  higher  density  than  the  less  stable.  Its  density  varies  from  2  *920  to 
2*960 ;  when  powdered  it  is  from  2'50  to  2*51.  It  is  also  harder  than  calcite, 
its  hardness  being  from  8*5  to  4.  Like  the  rhombohedral  carbonates,  the  rhombic 
carbonates  mix  with  each  other  in  the  formation  of  crystals.  Thus  many  aragonites 
contain  Sr'COs,  which  by  itself  constitutes  the  homoeomorphic  mineral  atrontianiU ; 
BaCOs,  ^hich  crystallises  alone  as  %citheritey  and  is  also  homoeomorphic  with 
aragonite,  forms  with  carbonate  of'  calcium  the  mineral  alstonite.  This  mineral 
consists  of  BaCO,,  CaCOs,  and  a  variable  quantity  of  SrCQj.  This  is  also  the  com- 
position of  baryto-calcite,  so  that  carbonate  of  barium  is  likewise  dimorphic,  its 
most  stable  form  being,  however,  rhombic  When  the  corresponding  forms  of  two 
dimorphic  bodies  are  similar,  the  bodies  are  said  to  be  isodimorphic ;  the  carbonates 
of  calcium  and  barium  are  therefore  isodimorphic  Carbonate  of  lead  is  also 
dimorphic,  and  isodimorphic  with  calcic  carbonate,  as  is  shown  by  its  crystallising 
with  odcite  in  plumbo-calcite,  and  with  aragonite  in  iamovnizite,  a  specimen  of 
which  contained  3*86  of  plumbic  carbonate. 

When  large  crystals  of  aragonite  are  heated,  they  sometimes  swell  up  suddenly 
and  fall  to  pieces  ;  smaller  pieces  and  the  fibrous  varieties  become  rotten.  Occa- 
sionally  baciUary  and  radiated  masses  of  aragonite  appear  to  slowly  acquire  the 
molecular  structure  of  calcite,  a  change  which  is  indicated  by  the  cleavage.  Such 
paramorphic  crystalline  ma^es  are  found  in  volcanic  districts. 

The  causes  which  determine  calcic  carbonate  to  crystallise  by  preference  in 
forms  of  one,  rather  than  that  of  the  other  system,  are  not  known.  It  is  generally 
assumed  that  aragonite  is  formed  from  hot  solutions,  and  calcite  from  cold  solu- 
tions. Aragonite  is,  however,  frequently  formed  firom  waters  at  ordinary  tempera- 
tnres.  It  is  probable  that  the  crystallisation  of  aragonite  is  dependent  in  nature 
upon  the  presence  of  excess  of  alkaline  carbonates,  while  calcite  is  formed  in  water 
containing  little  or  no  alkaline  carbonates.  This  view  seems  to  be  borne  out  by 
an  observation  of  Becquerel,  that  when  gypsum  is  immersed  at  ordinary  tempera- 
tures in  a  strong  solution  of  monosodic  carbonate  (bicarbonate  of  soda),  calcic 
carbonate  is  deposited  as  aragonite,  but  in  dilute  solutions  as  calcite. 

Besides  the  numerous  crystalline  forms  or  calc-spar,  calcite  occurs  saccharoidal 
as  crjtftalline  limestone,  which  when  perfectly  white  is  stattmry  marble.  The 
term  marbU  is  also  given  to  a  number  of  imperfectly  crystalline  varieties,  which 
admit  of  a  high  polish,  and  which  are  variously  coloured  by  carbon,  ferric  oxide, 
etc  Many  limestones  contain  a  considerable  amount  of  clay  intermixed  through 
them.  In  some  of  those  earthy  limestones  the  clay  is  able  to  combine  with  the 
lime  when  it  is  burnt ;  such  limestones  are  called  hydraulic  Hmestones.  The 
stalactites,  which  depend  from  the  roofs  of  caverns,  and  the  stalagmites,  or  irregular 
masses  of  calcic  carbonate  which  form  on  the  floors  of  caverns,  are  deposited  from 
the  water  oozing  through  the  roof.  When  the  carbonate  precipitated  from  water 
is  white,  loose,  and  friable,  it  is  agaric  mineral,  or  generally  calc  sinter ;  when 
coherent  and  sufficiently  hard  not  to  be  friable,  it  is  calcareotis  tufa.  When  stelac- 
titic  calcite  is  hard,  semi-translucent,  yellowish-white,  or  somewhat  opalescent, 
it  forms  the  true  alaJbaster.  When  calcite  occurs  in  small  spherical  grains, 
cemented  together  like  the  roe  of  fish,  it  is  called  oolite.  When  the  grains  are 
larger,  about  the  size  of  a  pea,  it  is  termed  pisolite.  Marl  is  a  friable  earthy  variety 
of  calcite,  containing  a  variable  proportion  of  clay. 

Carbokatb  of  Magnesium  as  a  separate  mineral,  Maqkbbite,  is  of  very 
secondary  importance  to  the  geologist  It  occurs  chiefly  associated  with  serpentine. 
Combined*  with  calcic  carbonate  it  forms  the  mineral  dolomite  or  bitter-spar  already 
mentioned,  and  the  immense  masses  of  dolomitic  limestones  which  occur  especially 
among  the  Jurassic  rocks.  Combined  with  carbonate  of  iron  it  forms  the  mineral 
breunnerite  or  mesitine  spar  MgC08,FeC0,.  This  formula  represents  42  per  cent 
of  carbonate  of  magnesium,  and  58  per  cent  of  carbonate  of  iron.    But  the  pro- 
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portion  varies  very  much,  some  specunens  containing  so  little  as  to  be  reckoned  as 
impure  magnesite.  All  dolomitic  rocks  contain  some  ferrous  carbonate,  but  some- 
times the  quantity  equals  or  even  exceeds  the  amount  of  magnesic  carbonate. 
These  varieties  of  dolomite  are  included  under  the  name  of  ankerUe  with  those 
containing  very  little  magnesic  carbonate.  The  name  bravm  spar  is  sometimes 
given  to  dolomites  and  some  kinds  of  breunnerite,  which  in  consequence  of  the 
considerable  amount  of  ferrous  and  manganous  carbonates  which  they  contain 
become  brown  and  even  black  by  oxidation,  hence  the  name  brown  spar.  The 
ferrous  carbonate  of  dolomitic  limestones,  which  often  amounts  to  4  or  5  per  (%nt, 
and  sometimes  to  very  much  more,  is  the  source  in  many  cases  of  great  deposits  of 
carbonate  of  iron,  and  of  hematite  and  limonite,  when  the  dolomite  is  denuded. 

Chaltbite  or  Spathic  Iron  is  the  name  given  to  ferrous  carbonate  when  found 
crystallised  or  massive.  Like  the  other  carbonates  mentioned  it  is  generally  mixed 
with  moi'e  or  less  carbonates  of  manganese,  magnesium,  calcium,  and  zinc,  especially 
with  the  two  first.  One  of  those  mixtures  containing  2MuCOj,8FeCOj  is  called 
oOgon  spar.  Chalybite  occurs  in  the  older  rocks  and  associated  with  limestones  in 
veins  and  in  beds,  which  are  sometimes  of  enormous  extent  Mixed  with  clay, 
and  as  in  Westphalia  with  coal  and  clay,  ferrous  carbonate  forms  the  important 
ore  of  iron,  clay-ironstone^  which  occurs  so  abundantly  in  many  parts  of  the  coal- 
measures,  and  in  the  lias  and  oolite  of  England. 

The  carbonates  of  calcium,  magnesium,  manganese,  iron,  zinc,  etc.,  are  soluble 
to  some  extent  in  water  saturated  with  carbonic  acid.  If  the  water  be  saturated 
with  the  gas,  under  a  considerable  pressure  and  at  a  high  temperature,  their  solubility 
becomes  greatly  increased.  Hence  many  thermal  waters  contain  so  much  calcic 
carbonate  that  they  deposit  large  quantities  when  they  come  to  the  surface.  When 
water  containing  carbonates  of  calcium,  magnesium,  iron,  and  manganese,  is 
exposed  to  the  air,  the  manganic  carbonate  is  converted  into  manganite  or  hydrous 
manganic  oxide,  or  into  pyrolusite  or  manganic  dioxide,  which  is  precipitated  first, 
the  feiTous  carbonate  graidually  oxidises,  and  is  precipitated  as  ferric  hydrate.  The 
carbonate  of  calcium  then  crystallises  out  mixed  with  carbonate  of  magnesium,  if 
it  separates  as  calcite,  but  almost  free  from  it  if  it  separates  as  aragonite.  The 
calcic  carbonate  that  separates  last  is  free  from  iron.  In  this  way  we  can  under- 
stand why  the  Jlos /erri  or  flower  ofiron^  a  coralloidal  form  of  aragonite,  which  is 
found  in  beds  of  iron  ore,  is  so  free  from  iron.  When  the  carbonates  precipitate 
without  access  of  oxygen,  this  separation  does  not  take  place,  at  least  to  the  same 
extent. 

There  can  be  no  doubt  that  true  dolomite  may  be  formed  by  precipitation  from 
sea-water.  It  is,  however,  also  formed  by  metamorphic  action.  The  process  of 
doloroitisation  may  sometimes  be  followed  through  all  the  stages  in  blue  limestone, 
which  becomes  brownish-yellow  as  the  metamorphosis  advances.  That  (x>lour  is 
due  to  the  iron  which  is  introduced  along  with  the  magnesia,  often  to  the  extent 
of  3  or  4  per  cent ;  veins  of  breunnerite  being  sometimes  even  formed. 

Eniomorphs  or  minerals  enclosed  in  calcite  crystals  :  silver,  mercury,  copper, 
gold ;  fluor-spar ;  quartz,  rutile,  brookite,  specular  iron,  iron  froth ;  realgar, 
antimony  glance  or  stibnite,  silver  glance,  erubescite,  galena,  cinnabar,  millerite, 
pyrohotine,  pyrites,  marcasite,  mwpickel,  breithauptite  or  antimonial  nickel, 
chalcopyrite,  plagionite,  pyrargyrite  or  ruby-silver,  tetrahedrite  ;  barytes, 
cjlestine ;  chalybite,  smithsonite,  azurite,  malachite ;  amianthus,  green  earth, 
garnet,  idocrase,  epidote,  mica,  titanite,  glauconite  (liislopite),  metachlorite, 
apophyllite,  calamine,  mesotype,  stilbite  (desmine) ;  apatite. 

Eridovfwrphs  in  aragonite  :  quartz ;  barytes  ;  calcite,  aragonite,  strontianite  ; 
mica.  Sorby  observed  cavities  in  aragonite  in  Vesuvian  lava  containing  a  liquid 
aud  air  ;  the  latter  occupied  about  one-tenth  of  the  space  of  the  fluid,  whence  be 
concludes  that  the  cavities  were  formed  at  a  temperature  of  about  160**  Crtit. 

Endomorphs  in  dolomite :   mercury ;    specular  iron,  iron  froth,  magnetite ; 


ROCK-FOBMING  MINERALS.  Vi 

silver  glance,  cmnabar,   pyrites,   chalcopyrite ;   amianthus,   albite  talc ;   cobalt 
bloom. 

Endcymorphs  in  breimnerite :  talc.  Endomorphs  in  chalybUe :  bismuth : 
quartz,  mtile,  oxide  of  iron ;  galena,  pyrites,  chalcopyrite,  marcasite,  bismuthine, 
gersdorffite  (tombazite) ;  mica. 

Perimorphs  or  miuerals  enclosing  calcUe :  sulphur ;  quartz,  pleonaste  or  iron 
and  magnesia  spinel ;  galena,  pyrites,  gypsum,  anglesite ;  calcite,  aragonite  ;  horn- 
blende, garnet,  zircon,  idocrase,  scapolite,  felspar,  loganite  (pyrosclerite) ;  apatite. 

Perimorphs  of  aragonite :  aragonite.  Perimorplis  of  dolomite :  fluor-spar ; 
quartz ;  bai^rtes,  gypsum ;  calcite,  dolomite.  Perimorphs  of  breunneriie  :  quartz, 
olivine. 

Pseudomorphs. — In  the  form  of  calcite :  fluor-spar ;  quartz,  camelian  chalce- 
dony, homstone,  semi-ox>al,  hematite,  limonite,  gotbite,  stilpnosiderite,  manganite, 
pyrolusite,  hausmannite,  minium,  psilomelane,  wad ;  blende,  galena,  pyrites, 
marcasite ;  barytes,  gypsum ;  calcite,  dolomite,  chalybite,  diallogite,  smithsonite, 
malachite ;  orthodase,  steatite,  meerschaum,  chlorite,  calamine.  In  the  form  of 
dolomite :  common  salt,  quartz,  chalcedony,  hematite,  gothite,  limonite,  manganite, 
hausmannite,  psilomelane,  pyrolusite ;  pyrites,  marcasite  ;  barytes ;  chalybite, 
diallogite,  azurite ;  steatite,  serpentine,  calamine.  In  the  form  of  chalybite : 
quartz,  magnetite,  hematite,  limonite,  chlorite. 

Calcite  in  the  form  of :  fluor-spar ;  gypsum,  anhydrite ;  gay-lussite ;  pectolite. 
Dolomite  in  the  form  of :  fluor-spar ;  anhydrite,  barytes ;  calcite.  Clialybite  in 
the  form  of :  bcuytes  ;  calcite,  dolomite. 

Silicates. — The  silicates  form  not  only  the  most  numerous,  but,  to  the  geologist, 
by  far  the  most  important  family  of  minerals.  Although  many  of  the  rarer 
sUicates  occurring  as  endomorphs,  perimorphs,  or  pseudomorphs,  throw  great  light 
on  the  genesis  auod  metamorphosis  of  ro^  masses,  the  number,  a  knowledge  of 
which  is  absolutely  indispensable  to  the  student  in  order  to  study  lithology,  is 
comparatively  smaU.  These  belong  chiefly  to  the  augite,  olivin,  and  felspar  groups 
— which  may  be  considered  the  primitive  mineral  constituents  of  crystalline  rocks  ; 
the  garnet  or  epidote,  mica,  leucite,  nepheline,  hatLyne,  talc,  serpentine,  chlorite, 
pectolite,  and  zeolite  groups,  as  their  intermedii^  and  secondary  constituents. 

AuoTTB  Gboup:  This  group  includes  two  principal  sub-groups,  augite  or 
pyroxene  and  its  varieties,  and  hornblende  and  its  varieties. 

FTBOXKNB  or  AUOITS  includes  a  number  of  minerals  belonging  to  the  same 
crystalline  series,  and  possessing  more  or  less  identity  of  physical  structure  with 
considerable  varieties  of  chemical  composition  and  colour.  The  crystals  belong  to 
the  monociinic  system,  the  inclination  of  the  inclined  axes  being  74^,  and  the 
angle  of  the  type  prism  87®  6*,  parallel  to  which  it  cleaves.  The  specific  gravity 
varies  from  8*23  to  3*50  ;  the  hardness  lies  between  5  and  6.  The  colours  are 
white,  various  shades  of  green,  brown,  and  black.  The  lustre  vitreous  inclining  to 
resinous,  sometimes  pearly.  Generally  translucent  to  opaque,  rarely  transparent. 
The  density,  hardness,  lustre,  colour,  and  transparency,  vary  with  the  relative 
proportion  of  the  metals,  calcium,  magnesium,  iron,  and  manganese,  which  the 
varieties  contain.  Chemically  the  augites  may  be  classified  into  non-aluminous 
and  aluminous  augites.  The  former  consist  of  meta-silicates  of  calcium,  magnesium, 
iron,  and  manganese,  and  the  latter  of  those  silicates  with  an  aluminous  silicate. 
The  simplest  typical  formula  for  augite  would  be  Ca''Mg*2SiOs,  or  a  calcic  magnesic 
disilicate,  which  represents  the  composition  of  diopside  or  while  augite.  The 
crystals  of  diopside  are,  however,  usually  greenish,  indicating  the  presence  of  meta- 
siUcate  of  iron.  SahUle,  pyroxene^  in  a  limited  sense,  m^cUacoUte,  fassaite^  white 
and  green  coceolite,  hedenbergite^  etc.,  are  varieties  of  the  non-aluminous  augites. 

The  alnminous  augites  contain,  according  to  Tschermak,  besides  the  normal 
augiticineta-silicates,  the  silicate  MgO,A1^03SiO].  Such  a  silicate  may  no  doubt 
exist  in  some  aluminous  augites,  but  in  the  majority  of  them  the  alumina  is  derived 
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from  the  felspar  in  which  the  ciystals  were  formed.  Sometimes  the  alumina  and 
magnesia  are  present  in  part  as  Mg^Al*']04,  a  compound  represented  by  spinel,  cit 
as  [Mg',Fe'7'Al,'*04,  or  a]  magnesia-iron  spinel  The  perimorphs  and  endomorphs 
of  augite  show  that  the  aluminous  silicate  varies  with  the  conditions  under  which 
the  crystals  were  formed.  The  aluminous  silicates  are  allomorphs  taken  np  by  the 
augitic  meta-silicates ;  and  their  amount  depends  upon  the  relative  proportion, 
among  other  things,  of  the  substances  forming  the  fluid  mass  from  which  the 
crystals  separate.  The  common  augites  are  chiefly  black,  and  greenish  and 
brownish-black  and  very  lustrous,  hence  the  name,  from  adyff,  lustre.  The 
crystals  cleave  like  hornblende  parallel  to  the  faces  of  the  monoclinic  prism.  In 
the  augites  of  both  classes  the  magnesium  is  sometimes  almost  wholly  replaced 
by  calcium  and  iron.  The  hedenbergite  above  mentioned  is  an  example  of  the 
non-aluminous,  and  its  American  variety,  hudsonite,  of  the  aluminous  varieties. 
Uudsonite  is  extremely  ferruginous,  and  contains  about  10  per  cent  of  alumina, 
partly,  no  doubt,  as  felspar,  and  partly,  perhaps,  as  an  iron  spinel  like  hercinite. 

There  are  several  other  minerals  which  may  be  r^^arded  as  varieties  of  augite, 
such  as  some  of  the  specimens  of  the  calcic  sodic  disilicate,  cegyrin  (others  are 
referred  to  the  hornblende  sub-group) ;  acmxte,  which  contains  alumina,  a  zinc  augite 
called  jefferaonite^  and  a  nearly  pure  meta-silicate  of  manganese  called  rhodomU^ 
from  its  rose-red  colour. 

Enstatite^  which  may  be  represented  by  the  general  formula  of  augite,  is  a 
silicate  of  magnesium,  sometimes,  however,  combined  with  silicate  of  iron 
Fe'SiOs.  Descloizeaux  has,  however,  shown  that  it  is  rhombic,  and  not  mono- 
clinic,  the  obtuse  angle  of  its  prism  being  92°  to  98",  cleaving  parallel  to  faces  of 
the  prism,  the  face  of  cleavage  having  a  fibrous  aspect  Its  colours  are  light 
grey,  yellowish  or  greenish.  It  forms  a  constituent  of  some  rocks,  as,  fco- 
instance,  Iherzolite,  a  Pyrrenean  rock  consisting  of  olivine,  diopeide,  and  this 
mineral. 

Augites  exhibit  a  tendency  to  take  up  water.  Scheerer  suggested  that  this 
water  replaced  magnesia,  three  molecules  of  water  replacing,  according  to  his  hypo- 
thesis oi  polymeric  isomorphism^  one  of  magnesia.  It  is  more  probable,  however, 
that  it  represents  the  water  of  the  orthic  acid,  or  the  saturated  condensed  acid 
corresponding  to  the  original  augite.  When  augites  take  up  water  in  this  way 
they  may  be  regarded  as  in  the  first  stage  of  alteration.  The  most  important  of 
these  hydrated  augites  are  diallage  and  bronzite.  DiaUage,  which  includes 
Schiller  spar  in  part,  is  a  thin  foliated  mineral,  cleaving  readily  in  a  direction 
parallel  to  the  orthic  or  rectangular  secondary  axis,  the  cleavage  parallel  to  the 
prismatic  face  being  unrecognisable.  Some  varieties  have  a  kind  of  striated  sur- 
face, which  produces  a  dull  mother-of-pearl  lustre.  Its  colour  is  of  various  shades 
of  pale  green,  greyish-green,  grey  and  brown,  and  sometimes  bronze.  When  of 
the  latter  colour,  it  may  be  considered  as  bronzite.  Diallage  is,  however,  gene- 
lully  more  calcareous  than  bronzite,  in  wliich  the  magnesia  generally  predominates. 
The  latter  has  a  laminar  structure,  well  marked  in  some  varieties,  but  inclined  to 
a  fibrous  structure  in  others.  Diallage  may  be  regarded  as  the  hydrous  repre- 
sentative of  the  calcareous  augites,  and  bronzite  of  the  magnesian.  Both  are 
related  to  the  mineral  hypersthene.  This  mineral  derives  its  name  from  {rw4p 
ffSivoSt  over  strength,  because  it  is  denser  and  harder  than  hornblende.  It  is  a 
highly  ferruginous,  slightly  hydrated  mineral,  generally  of  a  brown  colour,  often 
blackish-brown  to  pitch-black.  Its  principal  cleavage  face  exhibits  a  copper  red 
fhetallic  iridescence,  due  to  microscopical  laminse  of  titaniferous  iron.  According 
to  Descloizeaux  hypersthene  does  not  belong  to  the  augite  series,  with  which  it 
has  hitherto  been  connected.  He  has  shown  that  it  is  not  monoclinic,  but  rhombic, 
the  angle  of  its  prism  being  90°  30' ;  it  cleaves  like  diallage,  but  the  augitic 
cleavages,  that  is  those  }>arallel  to  the  faces  of  the  prism,  are  still  distinguishable. 
It  is  harder  than  diallage;  its  specific  gravity  is  from  8*3  to  3*4.     Diallage  occurs 
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chiefly  in  a  kind  of  rock  allied  to  serpentine,  called  gabbro.  Bronzite  occurs  in 
serpentine,  and  hjrpersthene  chiefly  in  a  particular  kind  of  rock  called  h3rper- 
sthenite.  There  are  several  varieties  of  the  preceding  hydrated  minerals,  such  as 
diadaseUe,  which  is  intermediate  between  bronzite  and  hypersthene.  PatUile  is  a 
hypersthene  from  the  island  of  St.  Paul. 

BastUe  is  a  mineral  of  a  leek  to  olive  green,  passing  into  yellow  and  brown 
colours,  found  in  serpentine  at  the  Bast^  in  the  Hartz.  It  is  by  some  considered 
as  a  slightly  altered  crystalline  serpentine,  but  it  is  rather  a  variety  of  augite, 
related  to  bronzite  and  hypersthene.  If  its  water  be  regarded  as  basic,  it  would 
be  an  ortho-silicate,  and  supports  the  view  that  the  hydrated  augites  are  meta- 
silicates  passing  into  orthic  silicates.  Augites  like  hornblende  assume  a  fibrous 
or  asbestiform  structure  ;  these  asbestiform  varieties  of  augite  represent  chiefly 
diopeide. 

HORNBLENDE,  like  augitc,  is  a  term  which  includes  a  great  variety  of  minerals, 
belonging,  probably,  to  one  crystalline  series.  This  series  belongs  to  the  mono- 
clinic  system  ;  the  hardness  varies  between  5  and  6,  the  specific  gravity  between 
2'9  and  3*4.  The  name  is  derived  from  the  peculiar  polished  horn-like  lustre 
of  the  faces  of  cleavage.  The  colours  vary  from  black  to  white,  through  various 
shades  of  green  ;  many  tremolites  are  white,  actinolite  is  of  various  shades  of 
green  to  blackish-green,  common  hornblende  is  black,  usually  opaque  and  trans- 
lucent, but  sometimes,  though  rarely,  almost  transparent.  The  crystalline 
groupings  and  configurations  are :  columnar,  bacdllary,  fibrous,  parallel  or 
ruiiated,  rarely  lamellar  ;  granular,  both  coarse  and  fine.  The  fibres  are  some- 
times so  fine  that  the  filaments  may  be  spun. 

Like  the  augites,  the  hornblendes  may  be  divided  into  the  non-aluminous  and 
aluminous.  To  the  former  belong  tremolite  or  grammaHte,  actinolite^  ctsbestuSf 
anihopkylUU,  and  cwmmi'ngtoniU ;  to  the  latter  common  hombUnde,  unzlite,  and 
duutaUU, 

The  hornblendes  are  also  meta-silicates,  and,  like  the  augites,  may  be  repre- 
sented by  the  general  formula  (M^'SiOj)",  in  which  M''  represents  the  metals 
calcium,  magnesium,  iron,  and  sometimes  manganese.  Augite  and  hoi-nblende 
may  be  considered  as  dimorphic  forms  of  the  isomorphic  meta-silicates  just 
stated.  The  intimate  relation  existing  between  them  has  long  been  recog- 
nised. Berthier,  and  after  him  Mitscherlich,  found  that  the  fused  tremolite  of 
St  Gothard  assumed  the  form  and  structure  of  augite  on  cooling,  while  on  the 
other  hand  diopeide  melted  in  a  crucible  reassumed  its  augitic  form  on  cooling. 
Oostav  Rose  confirmed  these  results  by  melting  actinolite  of  zillerthal,  and  allow- 
ing it  to  cool  slowly.  When  cold  it  formed  a  mass  of  radiated  needles  of  the  form 
of  augite.  It  is,  however,  believed  that  the  hornblende  form  ia  the  result  of  slow 
cooling,  and  the  augite  form  of  rapid  cooling.  Whether  this  be  so  or  not,  or 
whether  hornblende  can  be  formed  by  fusion  at  all,  it  is  remarkable  that  in  almost 
every  instance  hornblende  crystallises  in  rocks  containing  excess  of  quartz  or 
higfaly-silicated  minerals  like  orthoclase,  and  augite  always  in  basic  rocks,  such  as 
those  containing  the  lime  felspars.  The  silicates  of  the  magnesian  series — calcium, 
laagnesium,  iron  manganese — appear  to  be  polymorphic,  if  we  recognise  enstatite 
u  a  distinct  species.  The  synthesis  of  augite  was  made  by  Berthier  by  fusing 
the  necessary  proportions  of  lime,  magnesia,  and  silica  in  a  porcelain  furnace,  and 
allowing  the  compound  to  cool  slow.  Augite  crystals  frequently  occur  among 
slags  of  blast-furnaces,  as  was  first  observed  by  Noggerath. 

The  great  facility  with  which  the  minerals  of  both  series  vary  in  composition, 
and  in  this  respect  they  vary  more  than  other  series,  is  explained  by  the  fact  that 
the  homologous,  or  condensed  series  of  meta-silicic  acids  are  polymeric,  or  simple 
multiples  of  H^iOj  (see  table  of  silicic  acids,  p.  58).  Hence  the  union  of  a 
number  of  isomorphic  meta-silicates  is  only  like  the  union  of  a  number  of  mole- 
cides  of  the  same  body,  while  the  condensation  of  any  of  the  other  acids  produces 
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a  differently-constituted  molecule  by  each  snccfissive  condensation ;  thus  Hi|Si^O]f 
is  merely  six  times  H^iO^,  but  HgSi^Ojf  is  not  a  multiple  of  any  simpler 
acid.  Hence  a  specimen  of  augite  or  hornblende  may  vary  from  M*2(Si02)'  to 
'hi"jfjil&i0^y\  or  even  more,  without  changing  the  crystallographic  series  <^  the 
mineral,  or  even  producing  any  appreciable  change  in  1i»e  values  of  the  angles.  But 
K'^Al^^i^Oif,  or  the  formula  of  potash  felspar,  which  represents  the  acid  H^i^^ 
if  doubled,  would  represent  an  acid  Hj^ii^O,,,  belonging  to  a  different  smes  of 
homologous  acids,  and  the  hex-silicic  acid  of  which  would  be  H4Si«Oi4,  while  the 
dodecasilidc  acid  homologous  with  the  felspar  type  would  be  H^i|sO,4.  These  two 
acids  would  give  salts  wholly  unlike,  which  could  not  combine  in  the  same  crystal 
as  isomorphic  molecules,  though  they  might  possibly  do  so  to  form  heteromerie 
crystals,  with  different  values  of  the  angles.  From  this  it  is  evident  that  augites 
and  hornblendes  vary  in  composition  in  a  totally  different  way  from  the 
felspars. 

Tschermak  looks  upon  the  typical  formula  of  tremolite  as  Ca''Mg^,(Si03)^,  that  of 
augite  being  Ca''Mg'(Si03)^  and  believes  that  in  the  aluminous  hornblendes  there 
are  in  addition  small  quantities  of  two  other  silicates,  Ca'Mg^Al'',]^i,Ois  or 
CaO,MgO(Al,0,)s(SiO,)*,  and  Na'^'^^40i,  or  NajOAljOjCSiO,)*.  Most,  if  not 
all  the  aluminous  hornblendes,  like  the  aluminous  augites,  contain  felspar,  and 
sometimes  aluminates,  like  spinel.  As  the  aluminous  varieties  of  both  minerals 
are  found  in  felspar  rocks,  and  have  consequently  crystallised  in  a  fluid — 
whether  fused  rock  or  aqueous  solution — containing  felspar,  it  seems  more  reason- 
able  to  assume  that  a  little  of  that  compound  is  mixed  up  with  the  polymeric 
meta-silicates  than  that  a  totally  different  silicate  should  be  formed  during  the 
crystallisation,  and  one,  too,  which  does  not  appear  to  exist  as  an  individual 
mineral.    The  microscopic  examination  of  the  crystals  also  supports  this  view. 

Of  the  varieties  of  hornblende,  the  following  are  deserving  of  special  atten- 
tion : — 

a.  Non-Aluminous. — Tremolite,  from  the  valley  of  Tremola,  in  Switzeriand, 
Ca'^Mg^jSi^Oi,  or  Ca'SiOjSMgSiOs,  is  generally  white,  or  with  a  greyish-greenish, 
or  yellowish  tinge.  Specific  gravity  2*93,  transparent  or  translucent  in  single 
crystals,  which  are  fibres  or  slender  blades,  distinct  or  traversing  a  gangne,  or 
aggregated  in  coh  mnir  or  radiated  masses.  It  is  found  in  granular  limestone. 
CalamiU  (from  catam  is,  a  reed)  is  an  asparagus-green  variety  found  in  prismatic 
crystals  in  serpentine. 

RaphiliU  (from  jta^t,  a  needle)  is  an  asbestiform  variety. 

ActinoliU  (from  iMriv,  a  ray)  occurs  in  bright-bladed,  bacdllary,  or  radiated 
crystals.  When  the  crystals  are  distinct  it  is  glassy  <ictinolit&.  The  crystals  have 
a  specific  gravity  of  3*02  to  3*05,  and  break  transversely  with  facility.  Under 
the  name  of  actinolite  are  included  the  hornblendes,  consisting  of  mixtures  of  tiie 
isomorphous  meta-silicates  of  calcium,  magnesium,  and  iron  (ferrosum). 

AnthophylUU  (from  &p$wt»v\\op,  a  clove,  on  account  of  its  brown  colour) 
Includes  chiefly  hornblendes,  consisting  of  meta-silicates  of  magnesium  and  iron 
(ferrosum),  white  and  light-coloured  varieties  of  a^yestus  {da^effros,  unconsumabk), 
are  usually  tremolite  or  actinolite,  and  dark-coloured  ones  anthophyllite. 

/3.  Aluminous. — Common  hornblende' incividea  the  dark -green  and  black  alu- 
minous varieties  occurring  in  distinct  crystals,  crystalline  aggregates,  or  massive. 
Specific  gravity,  8*1  to  8*4. 

Uralite  is  a  kind  of  paramorphic  augite ;  that  is,  a  mineral  having  the  ext^nal 
form  of  augite  and  the  cleavage  of  hornblende.  The  two  varieties  are  differently 
mingled  in  different  specimens.  The  variety  of  diallage  of  a  grass  to  an  emerald 
green  colour,  called  from  the  latter  colour  smaragdUe,  which  occurs  as  a  consti- 
tuent of  the  rock  called  gabbro  or  diallage  rock,  and  the  comparatively  rare  rock 
eklogite,  has  been  shown  to  be  an  intergrowth  of  augite  and  hornblende. 

DiastatiU  and  pargasUe  are  only  varieties  of  common  hornblende ;  the  former 
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ezhibitiiig  a  difference  in  the  value  of  the  angles,  dne  perhaps  to  the  quantity  of 
magnesic  aluminate  which  it  contains. 

PmifMwyA^.^Augite  sub-group  :  Crystals  of  (tuffiie  in— quartz,  augite,  horn- 
blende, idocnae,  meionite,  wernerite  (scapolite),  melliUte,  mica,  sodalite,  haiiyne, 
leucite,  nepheline,  sanidin,  titanite,  analcime,  thomsonite ;  of  diopaide — ^in  garnet, 
idocrase,  orthoclase ;  of  ontphatiU  in  epidote ;  of  diaUage  in  hornblende  ;  of 
hypersthens  in  hornblende.  Hornblende  sub-group  :  Crystals  of  ?iomblende  in — 
fluor-spar,  quartz,  cobaltine,  augite,  garnet,  idocrase,  zircon,  wemerite  (scapolite), 
sodalite,  nepheline,  sanidin,  anorthite,  pennine  (chlorite) ;  of  actinolite,  etc.,  in — 
quartz,  azinite,  adularia,  tourmaline  ;  of  amianthus  and  atbestus  of  both  augite 
and  hornblende  groups  in— quartz,  magnetite,  gypsum,  calcite,  dolomite,  augite, 
hornblende,  garnet,  prehnite,  stilbite. 

Bndcmorphs. — Minerals  enclosed  in  CMgite :  magnetite,  pyrites,  augite,  horn- 
blende, amianthus,  asbestus,  olivine,  garnet,  oerstedite,  mica,  leucite,  nepheline, 
labradorite,  apatite.  In  hornblende :  calcite,  augite,  dlallage,  hypersthene, 
amianthus,  asbestus,  idocrase,  mica,  felspar,  disthene  (kyanite),  chabazite,  gran- 
stein  (iserin),  apatite.  In  acHnolite  and  anthophylUte :  quartz,  magnetite,  pyrites, 
pyrrhotine,  chidcopyrite,  olivine,  garnet,  mica,  sanidin,  lievrite,  talc. 

Paeudofiwrpha. — In  forms  of  augite:  quartz,  homblende,  asbestus,  garnet, 
mica,  green  earth,  cimolite,  serpentine,  steatite,  talc.  In  forms  of  honiblende : 
quartz,  asbestus,  green  earth,  mica,  serpentine,  steatite,  talc,  chlorite,  chabazite. 

Wedding  noticed  in  the  augite  crystals  of  Vesuvian  lavas  a  multitude  of 
minute  bubbles  like  what  are  seen  in  ice.  Sorby  found  in  similar  crystals  what 
he  calls  **  glass  cavities,"  containing  at  least  two  kinds  of  crystals,  wldch  some- 
tunes  project  beyond  the  vraU  of  the  cavity,  as  if  they  were  formed  at  the  same 
time  with  the  augite.  Several  Scottish  augites  have  the  same  structure.  Sorby 
has  also  found  in  many  specimens  of  homblende  in  blocks,  on  the  Monte  Somma, 
cavities  partially  filled  with  liquid.  From  the  proportion  of  the  volume  of  the 
fluid  to  the  empty  space,  he  calculates  the  temperature  at  which  they  were 
enclosed  was  360"  Cent 

Felspar  Gboup. — ^The  felspar  group  is  the  most  important  of  all  rock-forming 
minerals.  The  number  of  varieties  which  have  received  special  names  is  very 
considerable,  and  until  the  researches  of  Sartorius  von  Waltershausen  and  Tscher- 
mak,  their  composition  and  relationships  were  very  unsatisfactory.  The  former 
showed*  that  ^e  variation  in  the  amount  of  silica  in  the  majority  of  felspars  was 
too  great  to  allow  of  their  being  considered  as  distinct  mineral  species,  and  that 
they  were  mixtures  of  some  few  definite  bodies.  These  he  assumed  to  be  anor- 
thite, albite,  and  krabUte,  a  kind  of  felspar  containing  lime,  so  named  by  Foi^ 
chammer,  from  Krabla,  in  Iceland,  where  it  is  found.  Tschermak,  following  out 
Sartorius  von  Waltershausen's  views,  divides  t  the  felspars  crystallographically 
into  two  series :  1.  Orthoclase  (6pd6s,  straight,  and  K\d<rii,  cleavage),  or  monoclinic 
felspars ;  and  2.  Plagiodaae  (irKdyioty  slanting  or  oblique,  and  Kkdaa,  cleavage), 
or  bicUnic  felspars.     He  admits  three  definite  chemical  compounds  : — 

Orthoclase.      1.  Orthoclase,  K,0,Al,03,(SiO,)8       =  K'^^^igOw 

Plagiodase,  \  ^-  ^^'^         Na,0,Al,Oj^(SiO,)a      =  Na;,Al2,SieOi« 
i-iagiocwse,  j  g    Anorthite,  (CaO)„(Al,0,),(SiO,)4  =  Ca'^"'4Si40n 

Orthoclase  and  albite  may  be  considered  as  acid  felspars,  in  contradistinction 
to  the  anorthite  or  basic  felspar.  All  other  felspars  are  mixtures  of  these  three. 
Tschermak,  not  admitting  the  isomorphism  of  potash  and  soda,  considers  that  a'l 

*  Utber  die  VutkoMiscken  Gtsttims  in  5<ciZten  «iui  leJand  und  ih/rt  SvbmariM  UmibUdung, 
1858. 

t  Di*  FddtpaOtgrappt.  SiUtun(pbtriehU  der  Aiadmie  d,  Wisstnscha/tsn  mu  Wien,  Bd.  J. 
^5«6.    18«4. 
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orthoclase  crystals  containing  soda  are  simple  mixtures  ;  that  is,  that  the  crystals 
are  built  up  of  heteromorphic  materials.  Haidinger  was  the  first  to  draw  atten- 
tion to  the  intergrowth  of  orthoclase  and  albite.  In  1828  Gustay  Rose  showed 
that  the  orthoclase  of  Hirschberg,  a  well-known  locality  for  that  mineral,  was  a 
mixture  of  those  two  minerals.  But  it  was  Breithanpt's  and  Gerhard's  inyestiga- 
tion  on  perthite  that  clearly  showed  that  many  potash  felspars  consisted  of 
alternate  lamelln  of  orthoclase  and  albite.  In  the  case  of  perthite  this  altematioQ 
can  be  seen  by  the  difference  of  colours  ;  in  other  cases  the  cleavage  planes  show 
the  twin  striations.  In  some  large  opaque  crystals  the  albite  sometimes  decays  out 
almost  wholly,  and  leaves  a  kind  of  skeleton  of  transparent  or  translucent  ortho- 
clase. The  crystalline  forms  of  albite  and  anorthite  do  not  differ  so  much  as 
those  of  albite  and  orthoclase  ;  minerals  formed  of  a  mixture  of  the  former  are 
consequently  more  intimately  mixed.  Tschermak  looks  upon  albite  and  anorthite 
as  isomorphic  In  doing  so  he  excludes  as  a  condition  of  isomorphism  similarity 
of  chemical  constitution.  According  to  him  isomorphism  is  not  an  intrinsic  i»o- 
perty  of  the  chemical  atoms  or  molecules  of  a  body  ;  they  are  not  like  bricks, 
which,  if  they  once  fitted  into  a  hole  left  by  another,  should  do  so  on  all  occasions. 
The  isomorphism  of  any  two  bodies  depends  upon  certain  conditions  which  may 
be  fulfilled  in  one  case  and  not  in  another.  This  view,  while  somewhat  differrat 
from  the  isogonism  of  Laurent,  is  even  a  wider  extension  of  the  idea  of  isomor* 
phism  than  he  contemplated. 

The  angles  of  albite  and  anorthite  do  not  differ  from  each  other  more  than  thoee 
of  bodies  usually  considered  isomorphic,  or  more  correctly  speaking  homoeomorphic ; 
they  resemble  each  other  in  optical  properties,  and  there  is  a  gradation  as  regards 
cleavage  from  albite  to  anorthite.  Their  atomic  volumes  approach  closely,  while 
albite  differs  somewhat  in  this  respect  fh>m  orthoclase.     Thus  : 

Orthoclase,  K,0,AI,0,(SiO,)s 
Albite,         Na,O.Al,08(SiO,)8 
Anorthite,   (CaO),(Al,0,)^SiO,)4 

The  whole  of  the  felspars  have  been  classified  into  ten  series.  At  one  end 
stands  the  potash  felspar,  at  the  other  the  lime  felspar :  in  the  middle  the  soda 
felspar,  albite.  The  following  table  gives  the  ten  series,  showing  the  limits  €i 
each  series  as  regards  the  thr^  constituents  which  characterise  the  fundamental 
felspars : — 

OrPioclase  group  .^ — 

1.  Adularia  series,  16  to  13  per  cent  of  potash,  and  0  to  2  per  cent  of  soda. 

2.  Araazonite  „  18  to  10  „  „  2  to  5  „  „ 
I*"  ^  3.  Perthite  „  10  to  7  „  „  5  to  7  „  „ 
^fe  (    4.  Loxoclase    „        7  to    4           „           „  7  to  10       „        „ 

Plagioclase  group : — 

5.  Albite    series,  0  to    2  per  cent  of  lime,  and  12  to  10  per  cent  of  soda. 

6.  Oligoclase    „    2  to    6  „  „  10  to    8 


kfolecular 
Weight 

657 

Mean  Specific 
Gravity. 

2-658 

Atomic 
Tolame. 

218 

525 

2-624 

202 

.558 

2-758 

200 

7.  Andesin       „    6  to  10  „  „  8  to  5 

8.  Labradorite,,  10  to  13  „  „  5  to  8 

9.  Bytownite    „  18  to  17  ;  „  „  3  to  1 
10.  Anorthite     „  17  to  20  „  „  1  to  0 


»  »» 

»»  »• 

»»  i> 

>»  i» 

»»  »> 


The  following  are  the  varieties  included  in  each  series  : — 1.  Adular  series — 
adularia,  valencianite,  paradoxite,  rhyacolite  ;  2.  The  Anuuonite  series— amazon** 
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stone,  pegmatolite,  sanidin  in  part ;  8.  PerthiU  series — perthite,  microlin,  and 
sanidin  and  orthoclase  in  part ;  4.  Loxodaae  series — loxoclase,  orthoclase  in  part ; 
5.  AUdte  series — (a)  albite,  peridine,  tetartin ;  (b)  hyposclerite,  cleavalandite, 
oligoclase  in  part ;  (c)  glassy  albite,  pantellarite ;  6.  Oligockcse  series — (a)  oligo- 
clase,  peristerite ;  (b)  glassy  oligoclase ;  7.  Andesin  series — andesin,  etc.  ;  8. 
LabradorUe  series^ — (a)  labrador,  saossurite ;  (b)  glassy  labradorite ;  9.  BytovmiU 
series — bytownite  ;  10.  AnortkUe  series — anorUiite. 

Endomorphs  in  orthoclase,  etc. :  quartz,  anatase,  rutile,  specular  iron,  magne- 
tite, pyrites,  calcite,  crichtonite  (ilmanite),  dlopside,  epidote,  pinite,  nuca,  titanite, 
tonrmaline,  chlorite,  stilbite,  samarskite  (uranotismtal),  granite.  In  sanidin : 
quartz,  crichtonite,  augite,  hornblende,  mica,  apatite.  In  albite :  quartz,  specular 
iron,  amianthus  and  asbestus,  mica,  chlorite.  In  peridine :  titanite,  chlorite. 
In  labrador :  ilmanite,  zircon,  chlorite.  In  oligoclase :  s|)ecular  iron,  pyrrhosi- 
derite  (gothite),  oligoclase.     Inanorthite:  chalcopyrite,  hornblende. 

Perimorphs, — Minerals  enclosing  orthoclase,  etc, :  fluor-spar,  quartz,  psrrites, 
hornblende,  beryl,  idocrase,  axinite,  adular  in  adular,  tourmaline ;  enclosing 
sanidin:  hornblende ;  enclosing  cUbite :  quartz,  dolomite,  garnet,  pistacite, 
tourmaline;  enclosing  oligoelase:  pistacite,  oligoclase;  endosing  labrador: 
augite. 

Nefhklhtb  (fh)m  iv^Ai;,  a  cloud,  because  the  mineral  is  rendered  dull  by 
acids)  is  an  alkaline  aluminous  silicate,  sodium  being  the  most  abundant  alkaline 
metal  It  crystallises  in  tables  and  also  in  prisms  of  the  hexagonal  system :  the 
surfaces  of  the  prisms  being  rough.  Its  colours  are  white,  greyish-white,  grey, 
yellowish-grey,  translucent  to  opaque.  Hardness  5*5  to  6  ;  specific  gravity  2 '58 
te  2'65.  Cleavage  imperfect,  parallel  to  base  and  faces  of  prisms.  Its  composition 
may  be  represented  by  the  formula  M  8[Al,]4Si90,4,  in  which  M'  represents  sodium 
and  potassium.  Most  of  the  analyses  give  the  proportion  of  these  metals  as  four 
atoms  of  sodium  to  one  of  potassium.  Some  specimens  contain  lime,  sometimes 
to  the  extent  of  between  three  and  four  per  cent.  Most  specimens  also  contain 
a  little  water. 

BloBoUU  is  a  massive  variety  of  nepheline,  remarkable  for  its  greasy  lustre,  from 
JXoior,  oiL  The  colours  are  dark  green,  greenish,  and  bluish  or  reddish-grey,  with 
a  peculiar  sheen. 

Nepheline,  formerly  believed  to  have  a  very  limited  difilision,  is  now  found  to  be 
an  essential  and  frequent  ingredient  of  rocks,  especially  basalts  and  lavas.  Elseolite 
occurs  only  in  the  older  rocks,  such  as  the  Norwegian  zircon-syenite,  nepheline  in 
the  newer.  They  stand  towards  each  other  somewhat  in  the  same  position  as 
orthoclase  does  to  sanidin. 

Leucitb  (from  Xcvir6f,  white)  is  a  silicate  of  aluminium  and  potassium,  some- 
times part  of  the  latter  being  replaced  by  sodium.  It  is  represented  by  the  typical 
formula  K^^i40i^  It  occurs  in  the  form  of  the  ikosi-tetrahedron,  or  twenty- 
four-faced  irapezohedron,  and  always  ingrown ;  also  in  crystalline  grains.  The 
crystals  are  generally  yellowish  or  greyish,  white  or  ashy,  and  occasionally  white, 
rarely  translucent,  generally  opaque.  Hardness  5*5  to  6 ;  specific  gravity  2*4 
to  2*5 ;  soluble  in  adds  without  gelatinising. 

Leudte  is  a  constituent  of  lavas  and  basic  volcanic  newer  rocks.  It  has  not 
yet  been  noticed  in  the  older  rocks.  Leudte  occurs  associated  with  augite  and 
inagnetite ;  scarcely  ever  with  hornblende.  Leudte  represents  potash  felspars  in 
rocks,  and  is  sometimes  associated  with  sanidin,  while  nepheline  appears  to  repre- 
*snt  the  lime  felspars,  but  has  never  been  observed  associated  with  them. 
Nepheline  and  leudte  occur  very  frequently  together,  but  they  appear  never  to 
occur  singly  or  associated  with  quartz  like  the  true  felspars. 

NofiEAH  is  a  remarkable  mineral,  occurring  crystallised  in  rhombic  dodecahe- 
drons and  other  forms  of  the  monometric  system,  and  containing  from  7  to  10 
per  cent  of  sulphuric  anhydride.    It  also  occurs  in  crystalline  grains.     It  is  of  an 
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ash-grey  or  ydlowbh-grey  colour.  It  has  a  hardness  of  5 '5,  and  a  specific 
gravity  of  2*25  to  2*27.  Its  composition  may  be  represented  by  the  formula 
2NaCl,3Na,Ar^i,08  +  5(2Na^04,6Na^''^i,08) ;  that  is  a  union  of  one  mole- 
cule of  sodalite  and  fire  of  a  soda-haiiyne.  Nosean  is  a  constituent  of  the  nosean- 
phonolite  of  the  Lake  of  Laach  on  the  Rhine.  It  is  named  in  honour  of  a  mining 
engineer  named  Nose. 

Haijtne  is  a  bright  blue  or  sometimes  asparagus-green  mineral,  found  in  laras, 
generally  in  crystalline  grains,  but  sometimes  in  rhombic  dodecahedrons.  Its 
hardness  is  5  to  5*5,  and  its  density  2*43  to  2*83.  It  is  decolorised  when  heated, 
as  if  the  colour  was  due  to  a  sodic  combination  of  sulphur,  like  that  in  ultramarine. 
There  are  apporebtly  three  varieties — that  of  Monte  Albauo,  that  of  Moute  Somma 
(Vesuvius),  and  that  of  Niederuiendig,  near  the  Rhine.  The  first  may  be  re|H^ 
sented  by  the  formula  3tNa,Al,'*Si,08)  -I-  2  (Ca'SO*) ;  the  second  by  2(Na^*^i^0B) 
+  CaS04  —  potassium  is  generally  present  also ;  the  third,  or  Niedermendig,  variety 
is  considered  to  be  composed  of  two  molecules  of  the  first  or  Albano-haiiyne,  with 
one  of  nosean.  Haiiyne  is  an  essential  constituent  of  hatiyne-porphyry,  and  occurs 
in  several  other  rocks.     It  is  named  in  honour  of  the  celebrated  Baiiy. 

Nosean  and  haiiyne  represent  in  a  certain  sense  for  the  newer  and  non-quartzose 
rocks  the  garnets  of  the  older  rocks.  They  are  also  isomorphous  with  the  garnets. 
lUnerite,  which  is  usually  included  among  the  zeolites,  appears  to  be  hydrated 
nosean,  at  all  events  a  mixture  of  hydrated  sodalite  and  haiiyne  like  that  mineral 
does  occur. 

Fsettdomorphs. — In  the  form  of  nepheline :  sodalite,  mesotype,  lithomarge.  In 
the  form  of  leuciU:  felspar,  kaolin. 

Mica  is  a  term  applied  to  several  minen^  differing  considerably  in  chemical 
composition,  and  belonging  to  several  crystalline  series,  but  all  dis^guished  by 
being  easily  cleavable  into  thin  lamine.  This  laminar  structure  is  hence  termed 
micaceous.  It  is  probable  that  all  micas  crystallise  in  the  rhombic  or  trimetric 
system.  They  are  also  all  biaxial,  that  is,  have  two  optic  axes,  though  one  of  the 
commonest  distinctions  made  between  micas  is  the  classification  into  uniaxial  and 
biaxial  micas.  In  most  of  the  so-called  uniaxial  micas  the  angle  between  the  optic 
axes  is  so  small,  being  in  phlogobite  sometimes  less  than  5°,  and  rarely  reaching 
20°,  while  in  biotite  they  intersect  at  angles  of  from  1**  to  2° ;  and  the  plates  that 
can  be  examined  so  thin  that  the  existence  of  the  double  axes  can  rarely  be  ascer- 
tained. In  the  micas,  hitherto  always  recognised  as  biaxial,  on  the  other  hand,  the 
angle  varies  from  45**  to  75^  Although  there  are  really  no  uniaxial  micas,  the  old 
distinction  is  of  practical  value,  because  the  high-angled  micas  rarely  ever  contain 
magnesia,  while  the  low-angled  ones  contain  from  about  4  to  30  per  cent,  and,  except 
rarely,  above  20  per  cent. 

Chemically  we  may  divide  the  micas  into:  1.  Non-magnesian ;  and,  2.  Mag- 
nosian  micas.  The  non-magnesian  ones  are  generally  called  potash  micas.  This 
is,  however,  liable  to  lead  the  student  to  suppose  that  the  magnesian  micas  contain 
no  potash.  All  micas  do,  however,  contain  potash,  though  in  general  the  magnesian 
ones  contain  somewhat  less  than  the  non-magnesian.  The  non-magnesian  micas 
may  be  conveniently  divided  into :  I.  Common  mica  or  muscovite,  not  containing 
lithia ;  and,  2.  Lithia  micas  or  lepidolite. 

Afuseovite,  common  or  biaxial  mica,  occurs  in  forms  which  look  very  like 
monoclinic  prisms,  but  which  de  S^narmont  and  von  Kokscharow  consider  to  be 
rhombic  or  trimetric,  and  usually  hemihedraL  The  cleavage  is  basal, — eminent 
Twins  are  frequently  formed  parallel  to  the  faces  of  the  prism.  The  colours  are 
white,  grey,  pale  green,  sometimes  dark  olive-green,  brown,  and  violet-yellow. 
Muscovite  is  remarkable  for  the  size  of  the  folia  which  can  be  obtained.  It  also 
forms  aggregations  of  small  foliated  crystals,  arranged  into  stellar  and  plumose 
groups.  In  thin  plates  it  is  always  transparent ;  in  tliick  plates  apparently  opaque^ 
Its  hardness  is  from  2  to  3 ;  its  specific  gravity  2*8  to  8'1. 


EOCK-FOBMING  MINERALS.  79 

The  silica  yaries  from  44*6  to  48  per  cent;  the  alumina  from  about  30  to  88'4 
per  cent ;  potassium,  estimated  as  potash,  is  usually  about  10  per  cent.  Muscovite 
always  contains  ¥rater — some  specimens  containing  as  much  as  6  per  cent  The 
presence  of  water  facilitates  the  decomposition  of  the  mica,  the  alkalies  and  iron 
being  gradually  removed ;  the  progress  of  the  decomposition  is  indicated  by  the 
loss  of  elasticity  and  transparency  of  the  plates.  The  non-magnesian  fuchgiU  or 
chrome-mica  belongs  to  this  type.  A  specimen  analysed  by  Schafhautl  contained 
8*95  per  cent  of  chromic  oxide.  Many  other  biaxial  micas  also  contain  traces  of 
chromium.  There  are  several  varieties  of  muscovite  differing  chiefly  in  colour,  that 
is,  in  the  proportion  of  iron,  etc.,  which  they  contain,  and  also,  no  doubt,  in  the 
proportion  of  water.  Several  of  these  varieties  get  special  names,  and  are  looked 
upon  as  distinct  minerals:  such  as  margarodite,  ffUbertUe,  damouHie,  tericite, 
etc. ;  but  they  are  really  only  altered  mica. 

LejAdoliU  or  lithia  mica,  occurs  usually  in  granular  masses,  consisting  of 
foliated  scales.  It  also  occurs  in  oblique  rhombic  and  six-sided  prisms.  In  hard- 
ness and  lustre,  and  often  in  colour,  it  agrees  with  muscovite.  When  free  from 
iron,  and  containing  manganese,  it  is  of  a  beautiful  rich  to  pale  lilac  colour.  Small 
traces  of  iron  give  it  a  red  tinge.  Some  mineralogists  restrict  the  name  lepidolite 
to  the  rose-red  and  lilac  varieties.  Lithia  micas  contain  more  fluorine  than 
common  mica :  the  amount  varies  from  2  to  8  per  cent.  A  specimen  of  the  mica 
of  Juschakowa  in  the  Ural  gave  on  analysis  as  much  as  10*22  per  cent.  The  true 
lepidolite  or  lithia  micas,  free  from  iron,  contain  from  49  to  about  52  per  cent  of 
silica,  from  267  to  about  28'5  of  alumina,  and  about  10  per  cent  of  potash.  The 
lithia  varies  from  a  little  over  1  per  cent  to  6  per  cent.  Many  lithia  micas  contain 
sodium,  and  perhaps  rubidium  and  caesium,  but  not  magnesium,  or  only  traces. 
Lithia  mica  aometimes  replaces  common  mica  in  granite ;  when  not  containing 
manganese,  and  comparatively  free  from  iron,  they  can  scarcely  be  distinguished 
from  common  mica. 

The  magnesian  micas  may  also  be  conventionally  divided  into  two  species, 
though  there  is  really  no  alraolute  line  of  demarcation  between  them — namely, 
phlogobite  and  biotite. 

PMoffobUe  occurs  in  rhombic  prisms,  which  are  sometimes  truncated  on  two 
edges,  so  as  to  produce  hexagonal  prisms.  The  colour  is  sometimes  white,  or  of 
various  shades  of  brown,  but  usually  it  is  of  a  ferruginous  coppery-red  or  yellow. 
The  analyses  made  give  the  variation  of  the  silica  fh>m  d7'5  to  42*6  per  cent,  of 
the  alumina  from  about  17  to  20,  and  of  the  magnesia  from  26  to  80*3  per  cent. 
The  amount  of  iron  is  generally  small,  and  is  probably  always  present  as  ferro- 
sum.  The  potash  varies  from  6  to  10*5  per  cent,  part  of  it  being  replaced  by 
soda.  This  kind  of  mica  is  very  subject  to  alteration  from  hydration.  The  altera- 
tion is  first  indicated  by  spots  on  the  folite,  due,  perhaps,  to  oxidation  of  the 
iron,  and  the  decomposition  of  the  sides  of  the  prism.  Phlogobite  is  sometimes 
associated  with  apatite,  and  almost  always  contains  some  phosphoric  acid.  It  is 
found  in  granular  limestones  and  other  recent  rocks. 

Biotite  occurs  in  hexagonal  prisms,  produced  by  the  truncation  of  the  diagonal 
edges  of  a  rhombic  prism.  The  prisms  are  usually  tabular,  and  cleave  with 
remaritable  facility  parallel  to  the  base.  It  also  occurs  in  foliated  masses. 
When  it  contains  Uttte  iron  it  is  white,  but  usuaUy  it  is  green,  brown,  or  almost 
black,  owing  to  the  quantity  of  iron.  The  silica  varies  from  about  39*5  to  47*6, 
being  usually  about  40  to  42  per  cent.  The  alumina  varies  from  9  to  19  or  20 
per  cent.  The  iron  appears  to  exist  in  great  part  as  ferricum,  and  varies  from 
about  5  to  87  per  cent,  the  magnesia  from  26  to  a  little  more  than  3  per  cent, 
as  in  the  so-caUed  UpidoTnelcm  or  black  mica  foimd  in  some  granites  ;  it  is,  how- 
ever, usually  above  20  per  cent,  a  small  percentage  of  magnesia  being  always 
accompanied  by  a  high  percentage  of  iron.  The  potash  varies  from  4*6  to  10*8, 
there  being  generally  some  soda  where  the  percentage  is  low.     The  magnesian 
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varieties  of  fachsite  or  chrome  mica,  of  a  beautiful  green  colour,  and  containing 
nearly  6  per  cent  of  chrome,  belong  to  this  species. 

The  composition  of  the  micas  cannot  as  yet  be  represented  truly  by  formuls. 
The  magnesian  micas  appear  to  be  ortho-silicates  in  which  the  silica  is  not 
condensed.  They  may  be  approximately  expressed  by  a  general  formula, 
(M'4Si04)m(M',Si04)n([Al"Fe*]4Si,Ois)i7,  in  which  the  co-effident  m  expresses  the 
number  of  molecules  of  alkaline  ortho-silicates,  n  that  of  the  magnesian  and 
ferrous  silicates,  and  p  that  of  the  silicates  of  aluminium  and  ferricnm.  The 
non-magnesian  micas  may,  according  to  Rammelsbei^,  be  approximately  expressed 
by  M  4Si308.n([Al'',Fe"'jJ,Si,Oi,).  The  siUcate  of  alumina  and  iron,  forming  the 
second  part  of  this  formula,  is  an  ortho-silicate  like  that  in  the  magnesian  micas, 
but  the  silic&te  of  the  alkalies,  represented  by  M',  is  an  anhydro-silicate  represent- 
ing the  condensed  acid  H4Si308. 

Perimorphs  of  mica :  fluor-spar,  quartx,  corundum ;  chrysoberyl ;  pyrites ; 
calcite,  chalybite,  augite,  hornblende,  actinoUte,  spodumene,  beryl,  garnet,  zircon, 
idocrase,  wemerite,  meionite,  sodalite,  haiiyne,  nepheline,  lepidolite,  mica,  felspar, 
sanidin,  albite,  andalusite,  topaz,  ilmenite,  apatite. 

Endomotphs  in  mica :  quartz,  rutiJe,  limonite,  augite,  garnet,  tourmaline, 
astrophyllite,  apatite.  Brewster  found  in  a  thick  plate  of  mica  from  Siberia  the 
remains  of  small  animals  (acarus),  from  0*30  to  0*15  of  millimetre  long.  Some 
were  enclosed  in  cavities,  around  which  the  mica  appeared  to  be  optically  com* 
plete.     The  animals  must  have  got  in  through  fissures,  which  afterwards  closed. 

Paeudomorphs, — In  the  form  of  mica  :  quartz,  steatite.  Mica  in  the  form  of : 
augite,  hornblende,  beryl,  idocrase,  scapolite  (wemeriteX  cpidote,  dicfaroite 
(pinit,  fahlunite,  esmarckite,  bonsdorfite,  chlorophyllite,  weissite,  praseolHe, 
pyrargillite,  gigantolite),  orthoclase,  albdte,  labnidorite^  elsolite,  andalusite, 
kyanite,  tourmaline. 

Cbtsolitb  or  Peridote  is  an  ortho-silicate  of  magnesium  Mg*^i04,  in  which 
more  or  less  of  the  magnesium  is  displaced  by  iron,  so  that  its  formula  is  always 
a  multiple  of  that  just  given.  It  crystallises  in  trimetric  prisms  of  a  yellowish  or 
olive  green  ;  it  also  occurs  in  granular  masses  or  imbedded  grains.  The  trans- 
parent crystals  are  distinguished  as  chrysolite ;  the  imbedded  masses  and  grains 
are  olivine,  from  their  olive  colour.  There  are  several  varieties  of  this  mineral, 
among  which  may  be  mentioned  the  aluminous  variety,  hpeUosiderite.  Olivine  is 
a  characteristic  mineral  of  basalt,  and  the  recent  researches  of  Tschermak  on  the 
porphyritic  rocks  of  Austria  show  that  it  is  one  of  the  most  important  constituent 
minerals  of  other  crystalline  rocks  also. 

Garnets  are  idso  ortho-silicates,  and  may  be  represented  by  the  general 
formuU  M",Al^i,Ois,  or  otherwise  (M''0),AlfO,(SiO,)^  or  rather  the  double  of 
it  ii^AT^&fif^  or  (MO)«(Al,03)2(SiO,)«,  in  which  M  represents  calcium,  mag- 
nesium, iron,  or  manganese.  Garnets  almost  invariably  contain  more  than  two 
bases,  so  that  the  four  isomorphic  metals  may  be  associated  in  twelve  different  ways. 
When  lime  predominates,  it  is  ffrossular,  if  greenish  ;  dnnamon  stone,  if  yellowish- 
brown  ;  topaxoUte,  etc.,  if  of  the  colour  of  topaz.  When  magnesium  predominates 
it  forms  ike  magnesia  garnet ;  when  iron  predominates  it  is  the  iron  garnet  or 
almandine,  to  which  the  common  and  noble  garnet  belong.  The  manganese  garnet 
is  known  as  spessartine.  The  iron-lims  garnet  is  melanite  when  of  a  velvet^lack 
colour.  It  is  called  colophonite  when  it  consists  of  a  granular  mass  of  small  crystals 
having  a  resinous  lustre  and  a  brown  colour.  It  is  the  aplome  when  of  a  brown  or 
orange-brown  colour,  and  having  the  faces  striated. 

Garnet  crystallises  in  the  monometric  or  regular  system,  and  principally  in  the 
form  of  the  rhombic  dodecahedron,  or  modifications  of  it.  Besides  occurring  as  an 
accidental  ingredient  of  many  crystallised  and  altered  rocks,  it  also  forms  one  of 
the  constituent  minerals  of  the  rocks  eklogite,  garnet  rock,  the  Swedish  rock, 
eulysite,  and  kinzlgite. 
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EndomorjJis. — Garnet  has  been  found  in  quartz,  martile,  dysluite,  galena, 
molybdenite,  calcite,  augite,  actinolite,  beryl,  garnet,  idocrase,  mica,  sodalite, 
nepheline,  sanidiu,  stanrolite,  tourmaline.  Garnet  has  been  found  as  a  perimorph 
of  the  following  minerals : — fluor-spar ;  quartz,  rutile,  magnetite,  oxide  of  iron ; 
pyrites ;  chromate  of  iron ;  calcite ;  diopeide,  hornblende,  garnet,  idocrase, 
epidote,  mica,  albite,  disthene,  titanite,  vorhauserite  (serpentine). 

Pseudomorphs. — Garnet  in  the  form  of:  augite,  serpentine,  talc,  chlorite;  and 
epidote  in  the  form  of  garnet. 

ZntcoN  is  an  ortho-silicate  of  Zirconium,  Zr.Si04  or  Zr.OgSiOs,  which  crystal- 
lises chiefly  in  combinations  of  the  octahedron  and  prism  of  the  dimetric  or  tetra- 
gomil  system.  The  crystals  are  generally  coloured  red,  yellow,  or  brown,  but  are 
Bometimes  found  colourless.  The  colour  is  due  to  ferric  oxide.  Its  hardness  is 
considerable,  being  7  to  8,  and  its  density  from  4*4  to  4*7.  It  is  an  essential  con- 
stituent of  the  zircon-syenite  of  Norway,  and  occurs  occasionally  in  a  large  number 
of  crystalline  rocks  of  all  ages. 

Eptdotr. — This  mineral  is  closely  related  to  garnet,  by  the  alteration  of  which 
it  is  frequently  produced.  It  appears  to  contain  generally,  if  not  always,  some 
basic  water,  and  may  be  represented  by  the  formula  'H^}A"JiM.\]4S\fi^.  Lime- 
iron  garnet  is  readily  converted  into  it  by  the  oxidation  of  the  iron,  the  separation 
of  lime  or  iron  as  carbonate,  and  the  addition  of  water — ^thus,  three  molecules  of  a 
garnet,  having  the  composition  Ca''4Fe"^"'4Si«0,4,  or 


Ca'i 


net,  havmg  the  composition  Ca  4Fe  yU  4Si«0,4,  or 

uFe'VAI  'ijSiiaOy,  +  0,  -f  2H,0  +  2C0, = 2[H,Ca''5Fe''Fe"',( Al^,Si,,Oy] + CaCO,. 

This  equation  explains  the  facility  with  which  common  garnet  passes  into  epi- 
dote ;  and  also  why  lime  garnets  free  from  iron  do  not  produce  epidote  by  their  de- 
composition. As  in  the  garnet  family,  so  in  this,  M'^  represents  calcium,  magnesium, 
iron  (ferrosum),  and  manganese  ;  there  are  consequently  a  number  of  varieties  of 
epidote,  according  as  one  or  the  other  of  these  metals  predominates.  The  lime 
epidote  includes  the  mineral  called  zoiaiU,  It  may  be  represented  by  the  formula 
T^fi^Ji^^^^fi^i  which  differs  from  common  epidote  by  the  Fe%  of  the  latter  being 
represented  by  Al  ,  in  zoisite.  The  latter  sometimes  contains  epidote,  and  must 
therefore  be  sometimes  formed  at  the  same  time  ;  but  the  conditions  for  its  forma- 
tion are  quite  different.  Indeed,  the  two  minerals  appear  to  belong  to  different 
series,  at  least  the  cleavage  and  some  other  physical  properties  of  zoisite  differ 
from  those  of  epidote.  Possibly  thvUu  is  the  true  lime  epidote.  The  lime  and 
iron  variety  is  epidote  proper,  also  called  pistacite, 

Epidote  crystallises  chiefly  in  prisms  of  the  monoclinic  system.  Its  hardness 
is  from  6  to  7,  its  sp.  gr.  from  3*2  to  3*5.  It  is  almost  always  coloured,  especially 
of  a  greenish-yellow,  oil  green,  to  blackish-green  ;  very  rarely  red. 

Epidote  forms  the  chief  part  of  a  very  uncommon  rock,  epidosite  ;  it  Ls  also  a 
very  widely-diffused  mineral  in  older  crystalline  rocks.  Meionite,  which  crystal- 
lise in  the  dimetric  or  tetragonal  system,  may  be  represented  by  the  formula 
^*6['^sltSi9^a6»  which  represents  anhydrous  lime  epidote,  of  which  it  may  be  a 
dimorphic  form. 

ScAPOLiTE  or  Wernerite  is  essentially  a  silicate  of  aluminium  and  calcium, 
but  it  is  very  subject  to  change,  and  contains  generally  potassium,  sodium,  mag- 
nesium, and  water.  It  crystallises  in  prismatic  forms  of  the  dimetric  system, 
which  scarcely  differ  from  those  of  meionite.  Indeed,  those  specimens  which  have 
the  composition  of  that  mineral  are  regarded  by  many  mineralogists  as  the  original 
scapolite.  The  lime  varies  from  about  20  to  about  3  per  cent,  the  silica  from 
about  43  to  60  per  cent — the  high  lime  and  low  silica  limits  representing 
generally  the  meionite  type,  of  which  it  may  perhaps  be  merely  an  altered  form. 
Its  colours  are  chiefly  grey,  a  light  yellowish  or  green,  more  rarely  red,  generally 
opaque,  and  scarcely  translucent  on  the  edges.     It  has  very  much  the  appearance 
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of  a  felspar.*  Scapolite  occurs  as  an  occasional  mineral  or  granite  and  granular 
limestone,  and  forms  almost  whoUy  scapolite  rock. 

CoRDiEBiTB,  DiOHBOiTB,  or  loLiTB,  Is  a  silicate  of  aluminium  and  magnesium, 
which  may  be  represented  by  the  typical  formula  Mg^a[^^s]t^^8  >  P^^  ^^  ^^ 
magnesium  is,  however,  sometimes  replaced  by  iron  (ferrosum  Fe ),  and  jMit  of 
the  aluminium,  perhaps  always,  by  iron  Fe"',  (ferricum).  It  occurs  in  thick  prisma 
of  the  trimetric  or  rhombic  system,  which  are  often  hexagonaL  Its  colours  are, 
various  shades  of  blue,  sometimes  smoky  blue ;  when  of  the  latter  colour  it  is 
called  peliom.  It  is  often  of  a  deep  blue  colour  along  the  principal  axis,  and  of 
a  brownish-yellow  or  yellowish-grey  along  the  secondary  axes,  that  is  perp^idi- 
cular  to  the  principal  axis.  It  derives  its  name,  dichroite,  from  this  circumstuice. 
The  crystals  are  either  transparent  or  translucent,  have  a  specific  gravity  of  2*6  to 
2*7,  and  a  hardness  from  7  to  7*5.  Cordierite  occurs  very  frequently  in  gneiss;, 
granite,  and  talcose  slate,  and  is  an  essential  constituent  of  cordierite  gneiss.  It 
does  not  occur  in  the  newer  rocks, — it  is,  as  Quenstadt  says,  as  characteristic 
of  the  old  rocks  as  olivine  is  of  the  newer  ones. 

Cordierite  is  acted  upon  with  such  great  facility  by  water  holding  carbonic  acid 
and  alkaline  and  other  salts  in  solution,  that  cordierite  is  almost  always  found  in 
an  altered  state.  The  alterations  consist  either  of  simple  hydration,  the  removal  of 
the  divalent  metals  by  water  and  carbonic  acid,  or  Uie  addition  of  iron,  alkalies, 
etc.,  introduced  into  them  by  water.  Among  the  hydrous  cordierites  may  be  men- 
tioned honsdorJUe,  which  occurs  in  Finland  granite,  and  is  perhaps  trihydrated  cor- 
dierite ;  the  monhydrated  American  chlwophyUite,  esmarckile,  and  praseoUU 
from  the  gneiss  of  Brakke  near  Brevig  in  Norway,  which  is  sesquihydrated.  There 
are  many  other  of  those  hydrated  serpentine-like  altered  didiroites,  which  differ 
more  or  less  from  the  unaltered  mineral  in  composition,  such  as  the  gigarUoHU  of 
the  granite  of  Tammela  in  Finland,  the  aspasiclite  of  the  hornblende  gneiss  of 
Kraggeroe  in  Norway,  ihe  pyrargiliu  of  Helsingfors,  ih^fahlunUe  of  the  talc-slate 
of  Fahlun  in  Sweden,  the  iheriU  from  Moutoval  near  Toledo  in  Spain,  the  oosUe 
of  the  porphyries  of  Geroldsau  near  Baden-Baden.  One  of  the  most  widely-diffused 
minerals  occurring  in  granites  is  pimte,  from  which  the  whole  of  these  minerals 
are  sometimes  termed  the  pinatoid  group.  The  composition  of  this  mineral  varies 
very  considerably ;  besides  containing  water,  it  always  contains  potash,  varying 
from  about  6  to  12  per  cent.  The  variation  in  the  quantity  of  alkali  and  of  water 
— the  latter  varies  from  a  little  over  1  per  cent  to  8  per  cent — shows  that  pinUe 
includes  cordierites  in  various  stages  of  alteration.  All  the  pinatoid  minerals 
are  either  accompanied  by  unaltered  dichroite,  or  contain  frequently  a  nucleus  of 
that  mineral. 

TouBMALtNE  or  Schorl,  like  garnet,  epidote,  etc.,  includes  a  number  of 
varieties  differing  more  or  less  in  chemical  composition,  but  crystallographically 
and  physically  well  defined.  They  usually  occur  in  long  or  short  prisms  of  the 
hexagonal  system,  generally  striated  along  their  length,  and  terminated  by  single 
or  double  rhombohedral  ends.  Sometimes  the  crystals  are  thus  terminated  at  only 
one  end,  they  are  then  said  to  be  hemimorphic  Most  hemimorphic  crystals  exhibit 
polar  electricity  when  heated  and  cooled.  Tourmalines  are  very  complex  in  che- 
mical composition.  They  are  essentially  silicates  of  aluminium  and  magnesium — 
the  aluminium  being  represented  in  part  by  boron,  the  magnesium  by  iron  Fe"  (fer- 
rosum) or  manganese  Mn*.  All  tourmalines  contain  potassium  and  sodium,  and 
some  lithium  aUo  ;  they  also  contain  fiuorine,  replacing  part  of  the  oxygen.  The 
constant  presence  of  alkalies  seems  to  indicate  that  the  tourmalines  consist  of  two 

*  Scheerer  first  suggested  that' it  was  dimorphic  with  lime  felspar,  ao  opinion  admitted 
by  many.  It  should,  however,  be  always  recollected  that  dimorphism  implies  either  that 
the  bodies  are  isomeric,  but  having  dilforently-constitated  molecules,  or  condensed,  and 
therefore  totally  different  molecules. 
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distinct  silicates,  one  of  which  may  be  analogous  to,  if  not  identical  with,  potash- 
mica,  and  in  the  lithian  tounnalines  with  lepidolite.  Rammelsberg  divides  the 
toormalines  into  :  1.  Magnesia  tonrmallnes, — yellow  and  brown  coloured,  and  free 
f^mlithinm  ;  2.  Magnesia-iron  tonrmalines, — black  by  reflected  light,  but  greenish 
or  brownish  by  transmitted  light,  and  not  containing  lithium ;  3.  Iron  tounnalines, 
— black,  not  containing  lithium  ;  4.  Iron-manganese  tourmalines, — dark  violet, 
blue,  green,  and  containing  lithium ;  5.  Manganese  tourmalines, — led,  and  colour- 
lets,  and  containing  lithium.  The  iron  or  black  tourmalines  are  sometimes  called 
schorl;  the  red  or  manganese  tourmalines  include  the  varieties  rubelUte,  siberiU, 
doumriUj  and  apyrUe  ;  tiie  white  are  sometimes  called  dchroite. 

Id  the  present  state  of  our  knowledge  tourmalines  cannot  be  represented  by  a 
formula.  The  student  will  find  in  Dana's  Mineralogy  and  Rammelsberg*s  Mineral 
Chemie  the  tabulated  results  of  the  analyses  of  the  different  varieties,  for  which  we 
are  mainly  indebted  to  Rammelsberg.  Black  opaque  tourmaline  or  schorl  forms, 
with  quartz,  the  rock  known  as  Tourmalin-rock.  It  is  also  present  as  an  occa- 
sional mineral  in  granite,  gneiss,  mica-,  talc-,  and  chlorite-slates,  hornblende-rock, 
granular  limestone,  etc.     It  does  not  occur  in  the  newer  crystalline  rocks. 

MacEnealan  Hydrous  Silloates. — Talc  is  a  hydrated  silicate  of  magnesium, 
probably  a  meta^ilicate  of  the  composition  HjMgQSi^Oig,  representing  the  acid 
Hi^i^Oig.  It  rarely  occurs  in  distinct  crystals  which  are  rectangular  or  hexagonal 
plates,  scales,  or  tables  having  eminent  basal  cleavage,  and  belonging  either  to 
the  trimetric  or  monoclinic  systems.  Foliated  talc  is  of  this  kind.  It  also  occurs 
in  globular  or  stellated  groups.  Its  most  usual  mode  of  occurrence  is  granular, 
massive  to  impalpable.  In  thin  plates  it  is  sub-transparent  to  sub-translucent ; 
it  is  highly  sectile.  The  thin  lamins  are  flexible,  but  not  elastic  The  colours 
are — wtdte  or  silvery-white,  greyhih,  greenish-grey,  apple  to  leek  and  oil-green. 
On  the  cleavage  faces  the  lustre  is  pearly.  It  has  a  greasy  feel.  It  forms  talc-slate, 
and  Is  said  to  occur  sometimes  in  granite  in  place  of  mica.  Talc  is  a  frequent 
product  of  the  decomposition  of  hornblende  and  augite.  The  change  is  very 
simple,  as  they  are  all  meta-silicates.  Some  talcs  contain  alumina,  generally,  no 
doubt,  representing  kaolin,  and  derived  from  the  decomposition  of  the  felspars  in 
aluminous  augites  and  hornblendes.  In  the  pure  talc^  the  silica  varies  from  59 
to  68  per  cent,  being  most  frequently  fh>m  61  to  62  per  cent ;  the  magnesia  from 
30  to  33  per  cent.  The  water  is  very  variable,  from  mere  traces  to  nearly  7 
per  cent 

Steatite  or  Boapslone  is  a  coarse  grejrish-white,  greyish-green,  or  yellowish 
variety  of  impure  tala  It  is  sometimes  granular,  of  fine  texture,  or  lamellar,  but 
usoaUy  compact.  It  is  very  greasy  to  the  feeL  The  steatite  of  Brian9on,  known 
as  *'  French  chalk,"  is  white.  PotsUme  or  lapis  oUaris  includes  the  impurer 
granolar  dark-coloured  varietiea.  The  compact  hard  slaty  talcs  are  called 
indurated  IcUe.  Some  indurated  talc-slate  is  yellowish  and  translucent  in  thin 
plates.  Meerschaum  is  a  hydrated  silicate  of  magnesium  of  a  different  composition, 
and  of  different  origin  from  talc  There  appear  to  be  two  hydrates,  Mg^SisOg,H20 
and  M^Si|08,2H,0,  included  under  this  name.  Meerschaum  appears  to  be  con- 
nected witL  the  decomposition  of  dolomites. 

Pteudomarpks, — Talc  occurs  in  the  forms  of  the  following  minerals  : — augite, 
hornblende,  garnet,  andalusite,  cordierite,  tourmaline.  Steatite  occurs  in  the  fol- 
lowing forms : — fluor-spar,  quartz,  spinel,  barytes,  calcite,  dolomite,  augite, 
hornblende,  crysolite,  garnet^  idocrase,  scapolite  (wemerite),  cordierite,  mica, 
felspar,  andalusite,  kyanite,  tourmaline,  phiUipsite,  chabazite,  mesotyp. 

Skbfbktinb  is  also  a  hydrated  silicate  of  magnesium.  Its  typical  formula 
appears  to  be  M^3Sis07,2H,0,  corresponding  to  the  first  para-silicic  acid  H0Si,O7. 
llie  composition,  according  to  this  formula,  would  be  44*14  of  silica,  42*97  of 
magnesia,  and  12*89  of  water.  It  forms  a  compact,  generally  impure,  green- 
coloured  maas^  firom  granular  to  impalpable ;  it  also  occurs  fibrous  and  foliated. 
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Its  sp.  gr.  is  fh>m  2'507  to  2*591.  Some  of  tbe  fibrous  yarieties  have  a  density 
of  only  2*2  to  2*3.  The  hardness  varies  from  8  to  4,  but  sometimes,  though 
rarely,  it  reaches  5.  Serpentine  exhibits  a  great  variety  of  colours  ;  the  pre- 
dominant ones  are  shades  of  dark  green,  which  pass  on  the  one  side  into  almost 
black,  and  on  the  other  to  lighter  colours,  through  olive-green,  leek-green,  oil-green, 
pistachio-green,  to  siskin -green.  Yellow,  brown,  red,  to  blood-red  colours  also 
occur.  These  colours  generally  occur  as  clouds,  veins,  spots,  which  run  into  one 
another,  and  produce  considerable  play  of  colours.  Delesse  has  shown  that  these 
shades  of  colour  depend  upon  the  quantity  of  iron,  its  degree  of  oxidation,  and 
state  of  combination.  He  also  obs^ed  that  in  many  cases  the  green  or  black 
coloured  parts  formed  veins  and  bands  in  a  regular  manner  in  the  brown-coloured 
parts.  The  darker  parts  are  due  to  the  action  of  water  containing  oxygen,  which 
penetrated  along  fine  fissures,  often  no  longer  visible,  or  portions  of  the  rock  which 
were  more  porous  than  other  parts.  Several  varieties  of  serpentine  are  distin- 
guished by  special  names,  such  as  common  and  noble  serpenHne  ;  the  fibrous  or 
asbestiform  serpentine — picrolitey  baltimoritef  chryaotiUy  metaxUe;  the  foliated  kind 
called  marmolite  ;  and  the  resinous  or  retinalUe,  The  fibrous  varieties  are  of  very 
great  importance  in  connection  with  the  genesis  and  metamorphism  of  serpentine 
and  several  other  rocks.  All  the  fibrous  varieties  have  the  same  composition,  and 
are  apparently  but  r^enerations  of  the  serpentine  in  fissures  and  cracks.  Nau- 
mann  has  remarked  that  serpentine  is  intersected  with  a  net-woric  of  fibres,  just 
as  compact  gypsum  is  by  fibrous  gypsum. 

JEndomorphs. — Serpentine  is  remarkable  for  the  number  of  minerals  which  occur 
in  it.  Among  them  may  be  mentioned  quartz,  chalcedony,  jasper,  chrysoprase, 
semi-opal,  specular  iron,  magnetite^  pyrites,  mispickel,  chromate  of  iron,  hornblende, 
bronzite,  diallage,  garnet,  pyrope,  chlorite,  calcite,  dolomite,  the  compact  snow- 
white  dolomite  called  gurhofian,  magnesite,  brucite,  and  the  fibrous  variety  of 
that  mineral  called  nemalite,  the  hydrous  alumiuate  of  magnesium  hydrotalcite, 
and  the  corresponding  one  containing  ferric  oxide,  replacing  part  of  the  alumina 
called  volknerite,  the  hydrous  silicate  of  magnesium,  kerolite,  and  the  ferru- 
ginous variety  of  it,  demiatin,  etc 

Pseudomorphs. — Serpentine  is  found  in  forms  of  the  following  minerals : — 
Brucite  (hydrate  of  magnesium),  spinel,  dolomite,  penkatite,  Ca''00„Blg^(Ho)£, 
augite,  hornblende,  chrysolite,  iron  garnet 

Chlorite. — This  term  is  applied  to  several  minerals  of  analogous  composition, 
and  very  similar  in  appearance,  but  perhaps  not  really  belonging  to  the  same  series. 
The  variety  called  pennine,  from  2^rmatt  in  the  Valais,  is  said  to  crystallise  in  the 
hexagonal  system,  usually  in  six-sided  tables,  with  straight  or  bevelled  edges. 
Chlorite,  from  the  well-known  mine  of  Ackmatowsk,  in  the  Southern  Ural,  on  the 
other  hand,  is  monoclinic.  Chlorite  occurs  generally  in  platy,  scaly,  or  fine  earthy 
aggregates.  The  laminse  of  chlorite  are  flexible,  but  not  elastic  The  hardness  is 
2  to  2*5;  the  density  from  2*65  to  2'85.  It  is  usually  of  a  leek,  olive,  and 
blackish  green.  The  crystals  are  of  a  dull  emerald  green  in  the  direction  of  the 
axis ;  of  a  yellowish  or  hyacinth  red  at  right  angles  to  it :  it  is  sometimes  silver- 
white.  Chlorite  appears  to  be  a  combination  of  the  silicate  which  exists  in  serpen- 
tine with  aluminate  of  magnesium  Mg'Ar,04.Mg'',Si807,2HjO;  but  part  of  the 
magnesium  is  almost  invariably  replaced  by  ferrous  oxide.  The  silica  varies  froni 
about  30  to  34  per  cent,  the  alumina  fh>m  10  to  20  per  cent,  the  magnesia  froni 
82  to  37  per  cent,  the  iron  calculated  as  ferrous  oxide  from  0  to  11  per  cent,  and 
the  water  appears  to  be  pretty  constant  between  12  and  13  per  cent 

DelessiU  is  a  ferruginous  chlorite,  occurring  in  many  amygdaloids.  It  appears 
to  differ  somewhat  in  composition  from  chlorite  proper.  RipidolUe  is  a  mineral 
very  like  chlorite  in  appearance  and  chemical  composition,  and  like  the  Ural 
variety  monoclinic,  as  Descloizeaux  has  shown.  It  is  very  difficult  to  express  the 
results  of  the  analyses  of  it  by  a  formula.     The  following  has  been  proposed: — 
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M^Al^OfylM'SiO^CH^O — M*,  representiog  feirons  oxide  and  magnesia  in  pro- 
portionB  of  1 :  8,  1 :  1,  etc.  Ripidolite  is  a  constituent  of  rocks  in  Ireland  and 
Scotland. 

Perimorphs. — Chlorite  bas  been  found  enclosed  in  fluoi^spar,  quartz,  rutile, 
roiignetite,  calcite,  beyrl,  helvin,  axinite,  praseolite  (altered  cordierite),  adular,  albite, 
peridine,  labradorite,  titanite,  tourmaline,  chabazite.  JRijndoliU  in  idocrase.  Endo- 
marphs. — Chlorite  has  been  observed  enclosing  rutile  and  tourmaline,  and  pennin 
hornblende. 

Festtdomorphs. — Chlorite  has  been  found  in  forms  of  quartz,  magnetite,  hema- 
tite, limonite,  calcite,  hornblende,  garnet,  felspar. 

Ifon-Magnesiaii  Hydroiu  Silicates.— Zeolites. — The  term  non-magne- 
sian  does  not  imply  a  total  absence  of  that  metal,  but  is  a  convenient  term  to  dis- 
tinguish a  numerous  class  of  hydrated  double  silicates  in  which  magnesium  is  either 
wholly  absent  or  is  present  in  small  quantities.  Among  these  the  most  important 
class  is  the  group  of  hydrous  aluminous  silicates,  containing  lime,  or  baryta,  or 
Ume  potash,  or  soda,  and  called  zeolites  from  j;4u>  I  boil,  and  \l$ot  a  stone,  in 
reference  to  their  property  of  boiling  up  from  the  escape  of  water  when  heated  by 
the  blow-pipe.  They  are  very  closely  related  to  the  felspars.  Several  of  them  may, 
indeed,  be  regarded  as  hydrated  felspars.  If  we  classify  them  in  the  order  of  the 
number  of  atoms  of  sUicon  condensed  in  each,  the  principal  zeolites  may  be 
arranged  as  follows : — 

Si^— Na'^*^Oio,  2H,0    Natrolite  or  soda  mesotype. 
Ca^AT^ijOio,  8H,0     Scolecite  proper. 

NatioUtii  8ooleolt6b 

o,  [Na,Ai;^i,Oio,  2H,Oi+[Ca''Al-^i,Oio.  SH,0]7  )  -MesoUte  • 
and  J,  Na'^'^^ijOjo.  2H,0  +  [Ca'Al'^^ijOio,  3H,0i      J  ~  ^^^onte. 

Ca'Al'^Oio,  4H,0      Levyne. 

Ca^^^ijOiiHjO         Prehnite. 
S14.— Na'^r^i^Oi^  2H,0     Analcime. 

Ca'Al'^i40i^  3H,0      Caporcianite. 

Ca''Al''^i40i»  4H,0      Laumontite. 

[Ca'Na,KJ'Al^i40i^  6H,0  Chabazite. 

[NasCa'Ksf  ^l^i40u,  6H,0  Gmelinite  or  soda  chabazite. 

[Ca'AT^iA^  6H,0P  +  K,'Ar^i040i^6H,0=Lime.harmotome. 

[Ca";  Na'J,''Al*'4Si40ia,  6H,0  Thomsonite. 
S5.— Ba*Al^i50i4,  6H,0  Baryta-harmotomct 
S,.— Ca'AT^i^Ois,  5H,0   Heulandite,  etc. 

[Ba":  Qj^ATfii^Oi^  5H,0  Brewsterite. 

[Ca':  NaiTAl^^igOie,  6H,0  EpistUbite. 

Ca'Al'^ifO^,  6H,0  SUlbite  or  Desmine. 

The  whole  of  the  minerals  included  under  the  designation  zeolites  appear  to  be 
reducible  to  a  very  few  simple  typical  formuke.  If  we  represent  the  divalent 
metals,  barium,  calcium,  magnesium,  ferrosnm,  by  M*,  and  the  monivalent  metals, 
potassium  and  sodium,  by  M',  and  exclude  baryta-harmotome,  which  probably 
may  be  reduced  to  the  same  typical  formula  as  lime-harmotome,  all  the  preceding 

*  It  is  probable  that  the  8iO,  Is  too  high,  and  that  the  true  formula  is  Ba''Al,'*8i40t, 
6H,0. 

t  a  Represents  several  varieties  of  scoledte,  among  which  may  be  mentioned  antrimo. 
lite;  6  fndudea,  among  other  scolecites  or  mesolites,  MarringtonUi. 
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zeolites,  and  indeed  nearly  all  zeolites,  may  be  represented,  ezdusiTe  of  their 
water  of  crystallisation,  by  the  following  formula  : — 

I.  [M^ ;  MTAl^-SijOio      Mesotype  group — natrolite,  scolecite,  mesolite,  etc 
II.  [W;  M'J^''^ijO„     Prehnite  group. 
Ill    fM*' M*  TAl^.^i  O     JChabazite  group — chabazite,  gmelinite,  analcinie, 

•  L      »   .  iJ       iPU  It  "J      caporcianite,  laumontite,  llme-harmotome,  etc 
rv.  [M* ;  M' J,Al''4Si40ij     Thomsonite  group — thomsonite,  oomptonite,  etc 

TT    rur"  \f  ytky  Qi  r\         (  Stilbite  group— heulandite,  brewsterite,  epistilbite, 
V.  LfiT  ;  M-, J  Al^i^Oie     ^     ^^^^^  ^^  ^^^^^  ^^ 

Prehnite  differs  fh>m  scolecite  and  other  calcareous  members  of  the  meso- 
type series  by  containing  2HsO  less  and  CaO  more.  It  is  worthy  of  note  that 
prehnite  is  almost  always  associated  with  calcite,  so  that  it  is  formed  in  the  pre- 
sence of  an  excess  of  lime.  The  relation  of  the  zeolites  to  the  felspars  is  very 
interesting ;  thus,  thomsonite  may  be  looked  upon  as  hydrated  anorthite,  in 
which  one  atom  of  lime  is  replaced  by  two  of  sodium.  Now  thomsonite  is  always 
formed  from  labradorite,  which  is  a  mixture  of  anorthite  and  albite.  Labradorite 
consists  of— Na4CaeAl''ieSiM08o=2Na^'*^i«Oje  +  8Ca"^'^4Si40i«,  or  two  mole- 
cules of  albite  and  three  of  anorthite.  The  anorthite  produces  thomsonite,  by 
exchanging  some  lime  for  an  equivalent  quantity  of  soda  and  taking  up  water ; 
while  the  albite,  by  the  loss  of  two  of  silica  and  the  gain  of  two  of  water,  would 
produce  analcime.  The  lime  exchanged  for  soda  might  convert  analcime  into 
laumontite, — these  being  the  minerals  generally  associated  with  thomsonite.  Or 
labradorite  might  produce  natrolite,  scolecite,  or  the  compound  of  both — mesolite. 

The  six  atoms  of  silicon  contained  in  the  molecules  of  albite  and  orthoclase 
appear  to  divide  into  two  groups  of  four  atoms  and  two  atoms,  with  much  greater 
facility  than  into  two  groups  of  three  each.  Indeed,  it  is  probable  the  latter  decom- 
position only  takes  place  in  the  mixed  felspars  containing  anorthite.  Tschermak 
has  pointed  out  this  interesting  fact  about  the  constitution  of  the  albite  and  ortho- 
clase molecules.  Their  decomposition  into  zeolites  and  into  kaolin  on  the  one 
hand,  and  their  re-formation  as  pseudomorphs  of  the  same  zeolites,  shows  this  divi- 
sion of  the  silicon  in  a  striking  manner. 

Decomposition  of  Potash  and  Soda  Felspars. 

Na'gAl'^^igOu  +  2H,0         =  Na^r,Si40i,  2H,0  +  2SiO, 
albite  analcime 

K^AljSijOie  +  CaO  +  4H,0  =  Ca''Al^i40is,4H,0  +  K,0  +  2SiO, 
orthoclase  laumontite 

KjAljSi^Oifl  +  2H,0  =  H4Al'"^i,09  +  K,0  +  4SiO, 

orthoclase  kaolin 

Be-formcUion  of  Felspars  as  Pseudomorphs  of  Zeolites  and  Leucite. 

Na'',Al*^i40ii,2H,0  +  KjO  +  2SiO,  =  KjAl^SigOu  -J-  Na^O  +  2H,0 
analcime  orthoclase 

Ca''Al^i40i^4H,0  +  KjO  +  2SiO,    =  K^r,Si<,Oi,  -J-  CaO  +  4H,0 
laumontite  orthoclase 

Ca''ArjSi40i^4H,0  H-  Na,0  +  2SiOs  =  Na,Al'"sSi«Oie  +  CaO  -J-  4H,0 
laumontite  albite 

K,ArsSi40i,  +  2SiO,  =  K^*',SieOi6 

leucite  orthoclase  (sanidin) 

It  is  scarcely  necessary  to  remind  the  student  that  the  potash,  soda,  lime,  and 
silica  removed  or  added  in  the  foregoing  equations  do  not  take  part  in  the  reac- 
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tions  88  SQch,  bat  jtfe  in  oombination — the  bases  as  carbonates  or  Rilicates,  the 
silica  as  silicates  or  silicic  acid. 

One  of  the  bodies  prodaced  by  the  decomposition  of  potash  and  soda  felspars 
in  the  preceding  reactions,  kaolin,  is  of  special  importance  to  the  geologist.  It  is 
the  type  of  those  immense  masses  of  amorphous  hydrous  aluminous  silicates  which 
are  c^ed  by  the  general  name  of  day.  Most  clays  contain  considerable  quanti- 
ties of  iron,  which,  when  present  as  ferricum,  colours  them  red.  Clays  also 
contain  more  or  less  of  the  debris  of  the  rocks  from  which  they  are  formed  in  all 
stages  of  decomposition. 

Kaolin  and  clays  are  all  derived  from  the  decomposition  of  potash  and  soda 
felspars.  Anorthite  or  lime  felspar,  which  contains  only  four  atoms  of  silicon  In 
its  molecule,  does  not  yield  kaolin,  although  its  molecule,  Ca''2Al%Si40i8,  contains 
the  materials  of  two  molecules  of  kaolin,  by  the  addition  of  four  molecules  of 
water  and  the  removal  of  two  atoms  of  lime,  thus-  - 

Ca",Al4Si40i6  +  4H,0  =  (CaO),  +  2H4Al^i,09  or  2Al"'jSi,07,2H,0. 

The  tact  that  anorthite  does  not  produce  kaolin,  notwithstanding  the  simpli- 
city of  the  reaction  just  indicated,  is  of  very  great  interest,  and  throws  great  light 
on  the  constitution  of  the  felspars. 

There  are  several  other  amorphous  hydrous  aluminous  silicates,  such  as  hal 
loysite,  samolte,  smectite,  pholerite,  etc,  which  are  not  produced  in  the  same 
way  as  kaolin.     Many  of  them  are  precipitates  fh)m  solutions,  such  as  the  in- 
durated ones  accompanying  pyrites  in  lodes,  the  similar  substances  found  in 
dykes,  mineral  veins,  and  in  certain  thin  beds  of  various  ages. 

There  are  also  several  crystallised  non-magnesian  hydrous  silicates,  with  and 
without  alumina,  which  are  often  included  under  the  term  zeolites,  but  which 
are  separated  fix)m  them  by  most  mineralogists.  Among  these  may  be 
mentioned    apophyllite,    which    contains    some    fluorine    in    place  of   oxygen 

K',Ca''8!3ii,|^}l6,H,0,  pectoUte  Na',Ca'4SiwOi7,H,0,  and  dathoUte,  which  is  a 

boroeilicate  of  calcium  Ca''4Bo*'^igOi„aq  =  Ca'TBo'",04  +  SCa'SiOajEjO. 

Apatite  is  a  tricalcic  phosphate  containing  fluorine,  and  generally  chlorine. 

Its  composition  may  be  expressed  by  the  formula  Ca''g(P04)j,(Ca''^jV  It  crystal- 
lises in  six-sided  prisms  or  tables  belonging  to  the  hexagonal  system.  Sometimes 
the  prisms  are  terminated  by  a  six-sided  prism-like  quartz.  The  crystals, 
especially  American  specimens,  are  often  of  considerable  size.  They  are  white, 
grey,  greenish-grey,  green,  wine  yellow,  and  red ;  generally  opaque,  sometimes 
sab-transparent ;  is  softer  than  felspar,  and  harder  than  fluor-spar.  Its  density 
3*17  to  3*25.  It  aho  occurs  massive,  of  a  yellowish-white,  or  oil-green.  One  of 
the  massive  varieties  is  named  phosphorite,  because  it  becomes  phosphorescent 
when  rubbed.  At  one  time  phosphorus  was  not  suspected  to  exist  in  any 
minerals  ;  even  Berzelius  did  not  know  of  its  existence  in  apatite,  which  received 
its  name  from  dTaraetw,  to  deceive,  on  account  of  the  mistakes  of  the  earlier 
mineralog^ists  regarding  its  composition.  Its  general  difl'usion  in  rocks  was  first 
shown  by  Fownes  and  Sullivan ;  since  then  apatite  has  been  found  to  be  one  of 
the  most  widely  diffused  minerals,  and  to  possess  considerable  lithological  im- 
portance. Von  lUchthofen  has  recently  found  from  0'4  to  1*12  per  cent  of 
phosphoric  acid  in  melaphyrs,  or  from  about  1  to  3  per  cent  of  apatite.  Crystals 
of  apatite  occur  as  endomorphs  in  a  great  many  minerals,  especially  in  augite, 
hornblende,  mica,  sanidin,  nepheline,  etc. 


CHAPTER  IV. 

ON  THE  ORIGIN,  CLASSIFICATION,  AND  DETERMINATION  OF  ROCKS. 

A  ROCK  is  a  mass  of  mineral  matter  consisting  of  many  particles,  either 
of  one  species  of  mineral,  or  of  two  or  more  species  of  minerals,  or  of 
fragments  of  such  particles,  which  may  or  may  not  resemble  each  other 
either  in  size,  form,  or  composition.  A  rock  does  not  necessarily  possess 
any  regular  symmetry  of  form  in  the  external  shape  of  the  mass.  Geo- 
logists are  accustomed  also  to  include  under  the  term  rock  all  consider- 
able accumulations  of  mineral  matter,  whether  they  be  hard  or  soft, 
compacted  or  incoherent  In  thiB  sense  soft  day,  loam,  or  loose  sand, 
may  be  called  "  a  rock." 

In  order  to  apply  mineralogy  to  geological  research  we  must  study 
the  genetic  relations  of  minerals — ^that  is  to  say,  we  must  endeavour  to 
discover  their  modes  of  production,  and  the  circumstances  which  were 
necessary,  or  conducive,  to  their  appearance  in  the  positions  and  in  the 
combinations  in  which  we  now  find  them.  In  the  previous  chapter 
some  account  has  been  given  of  the  minerals  which  enter  most  abun- 
dantly into  the  composition  of  rocks.  It  is  hoped  that  the  foregoing 
abstract  of  a  part  of  chemistry  and  mineralogy  wUl  enable  the  student 
to  reason,  to  some  extent,  on  the  origin  of  rocks,  and  to  draw  certain 
conclusions  as  r^ards  the  relations  of  those  mineral  constituents  which 
are  essential  to  their  existence — those  which  so  far  enter  into  their 
mass  as  to  make  them  essentially  what  they  are,  and  the  abstraction 
of  which  would  make  them  something  different* 

*  There  is  as  yet  no  good  English  treatise  on  Petrography,  or  the  classification  and 
description  of  rocks — a  want  which  it  is  to  be  hoped  will  be  supplied  at  no  very  distant 
date  by  Mr.  David  Forbes.  The  following  list  will  guide  the  student  to  the  general  litera- 
ture of  this  subject : — 

1.  Lehrlmch  der  Petrographie.  F.  ZirkeL  2  vols.  1866.  [This  is  the  best  work  on 
Petn^(raphy  yet  published,  though,  owing  to  the  rapid  advances  which  are  now 
being  made  in  this  branch  of  science,  it  is  even  now  in  some  respects  anUquated.] 

3.  Lehrbuch  dw  Gwgnosie.    Naumann.    VoL  L     1858w 
8.  Clasnfioation  dor  Felturten.    F.  Senft.    1857. 

4.  Uhrbuch  der  Mineraliefi-vnd  FeUartenkunde^    F.  Senft    1869. 

5.  Rooks  CloMified  and  Dttcribed.    B.  Cotta.    (Translated  by  Laurence.)    1866. 

6.  Die  KrysUiUiniecken  FelegemengtheUe,    F.  Senft    1868. 

7.  Chemical  Geology,    Bischoff.    (Translated  for  Cavendish  Society.)    8  vols. 

8.  Hietoire  dee  Progrke  de  la  GMogie.    D'Archiao.    VoL  iii.,  last  diapter. 
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OrystalliBation. — One  of  the  most  obvioas  properties  of  minerals  is 
their  crystallisation.  All  crystals  are  built  up  by  the  successive  ex- 
ternal addition  of  minute  crystalline  particles  of  like  forms.  It  is  clear, 
then,  that  these  particles  must  have  been  free  to  move  and  arrange 
themselves ;  in  other  words,  they  must  have  been  in  a  jivid  or  nearly 
jiuid  state.  Bat  this  fluidity  may  have  been  the  result  either  of  tohuion 
in  water  or  other  liquids,  or  otfitsion  by  heat.  Whenever,  then,  we  find 
a  crystal,  or  a  mineral  particle  that  has  an  internal  crystalline  structure, 
we  may  feel  assured  that  this  structure  has  been  produced  either  by 
solution  or  fusion;  in  other  words,  that  the  ciystal  has  been  either  dis* 
solved  or  tnelied.  But  if  this  be  true  as  regards  individual  crystals,  or 
crystalline  particles,  it  must  also  be  true  of  rocks  that  are  made  up  of 
such  ciystals  or  such  particles.  Some  minerals,  as,  for  instance,  calcite 
or  carbonate  of  lime,  are  readily  soluble  in  water  containing  carbonic  acid 
gas ;  if,  therefore,  we  meet  with  a  rock  composed  of  crystalline  particles 
of  carbonate  of  lime,  we  should  naturally  suppose  that  it  had  once  been 
dissolved  in  acidulous  water  and  consolidated  from  that  solution.  The 
solid  acid  silica  is  likewise  soluble  in  water  containing  carbonic  acid  gas 
and  other  substances,  and  also  in  water  at  a  high  temperature.^  We 
can,  therefore,  easily  understand  the  deposition  of  crystals  of  quartz 
from  aqueous  solutions.  For  the  production  of  many  silicates,  however 
(as,  for  instance,  the  artificial  silicates,  slag  and  glass),  fusion  by  heat  is 
necessary.  Most  of  the  natural  silicates  are  practically  insoluble  in 
water,  or  in  any  other  fluids  which  are  found  abundfuitly  in  nature. 
When,  then,  we  meet  with  rocks  composed  altogether  of  crystals,  or 
crystalline  particles,  of  such  silicates,  we  naturally  conclude  that  those 
locks  were  once  in  a  state  of  fusion  from  heat. 

But  in  each  of  these  cases  there  are  gradations  from  rocks  in  which 
the  crystalline  particles  are  large  and  distinct,  through  others  where 
they  become  less  and  less  till  they  are  only  discernible  with  a  lens,  into 
some  which  appear  quite  compact  and  homogeneous.  This  gradation 
teaches  us  that  what  is  true  of  the  crystalline  rocks  may  also  be  true 
of  compact  rocks  of  the  same  mineral  composition,  and  that,  therefore, 
crystalline  and  compact  limestone,  quartz  crystals,  vein  quartz,  and 
compact  flint,  may  equally  have  been  dissolved  in  water,  and  crystal- 

9.  Amy  <m  Ccmparativt  Petrology.     J.  Darocber.     (TransUted  in  Dr.  Hanghton't 

Manual  of  Otology.) 
10.  EUmtnU  dsr  PetrograpkU,    A.  Kenngott.    18S8. 

There  are  in  German  and  French  literature  (sparingly  in  onr  own)  many  memoirs  and 
descriptions  of  special  rocks  or  families  of  rocks.  References  to  some  of  the  more  im- 
portant of  these  wiU  be  giren  in  the  following  pages,  bat  for  filler  particulars  the  student 
shoold  OMisuIt  the  manuals  of  SSrkel  or  Cotta. 

*  Mr.  Jeffkreys  showed  (Reporta,  Brit  Assoc.,  vol.  x.)  that  the  vapour  of  water,  at  a 
temperature  above  that  necessary  to  melt  iron,  dimolved  silica,  even  attacking  comjtact 
undivided  minerals ;  and  that  a  Jet  of  such  steam  containing  dissolved  silica  deposited  a 
tnow  ot  qnarti  crystals  as  it  cooled  on  escaping  fh>n)  the  vesseL 
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line  and  compact  silicates  have  equaUy  been  melted  by  heat  In  the 
latter  case  the  artificial  silicate  glass  again  assists  us,  since  the  very  same 
mass  which,  if  cooled  rapidly,  will  form  a  perfectly  homogeneous  trans- 
parent glass,  will,  if  allowed  to  cool  more  slowly,  become  opaque,  and 
stony,  and  ultimately  begin  to  granulate,  that  is,  its  constituents  will 
form  distinct  crystalline  grains  in  the  mass. 

OhemioaUy-formed  Books. — Many  rocks,  then,  have  been  chemically 
formed,  that  is,  have  consolidated  from  fusion  or  solution  in  obedience 
to  chemical  laws.  Those  that  have  become  consolidated  from  fusion  we 
may  call  Igneous  rocks ;  those  that  have  consolidated  from  solution, 
Aqueous  rocks. 

Chemically-formed  Aqueous  rocks  may  be  crystcdUne  or  compact  in 
texture. 

Chemically-formed  Igneous  rocks  may  be  cryttallinej  compacty  or 
glassy  in  texture. 

Both  kinds  may  have  occasionally  concretumaryy  nodular^  tpcarry^ 
fhtouSy  or  other  textures,  according  to  local  modifying  circumstances  ; 
and  some  of  these  textures  may  be  produced  by  chemical  action  in 
other  rocks  that  were  not  originally  of  chemical  formation. 

In  most  crystalline  rocks,  the  whole  mass  seems  to  have  become  con- 
solidated so  nearly  at  the  same  time,  that  no  one  mineral  was  able  to 
form  everywhere  perfect  crystals.  The  growth  of  each  crystal  appears 
to  have  been  hindered  by  that  of  its  neighbours,  the  whole  being  locked 
together  into  a  congeries  of  mutually  embedded  imperfect  crystalline 
particles.  It  is  this  which  gives  strength  and  firmness  to  the  rock.  If 
each  particle  were  a  perfect  crystal,  merely  adhering  by  its  facets  to 
its  neighbours,  the  rock  would  be  apt  to  fall  into  a  mere  crystalline 
sand.  This  actually  happens  occasionally  in  some  magnesian  lime- 
stones. 

In  aU  crystalline  rocks,  however,  whether  aqueous  or  igneous,  the 
crystalline  particles,  although  not  perfect  cr3rstals,  have  yet  some  faces 
and  angles  of  perfect  crystals,  being  evidently  formed  in  the  position 
where  we  now  find  them.  They  are  innate  crystalline  granules.  Loaf- 
sugar,  sugar-candy,  crystallised  alum,  are  familiar  examples  of  this  struc- 
ture, and  will  serve  to  explain  what  is  meant  by  the  innate  crystalline 
structure  of  marble  or  of  granite. 

Mechanioally-formed  Books. — In  examining  the  mineral  composi- 
tion of  rocks,  however,  we  should  soon  become  aware  of  another  essential 
difference  in  them.  We  should  find  many  rocks  the  particles  of  which, 
were  distinct,  but  not  at  all  crystalline  ;  or  if  crystalline  internally,  their 
external  form  would  not  be  regular  like  a  crystal,  but  exhibit  evident 
marks  of  mechanical  fracture  and  attrition.  The  particles  of  these 
rocks  would  not  be  mutually  embedded  like  those  of  chemical  locks, 
and  would  evidently  not  have  grown  where  we  now  find  them,  but  have 
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been  bronglit  together  from  some  external  source,  and  adhere  to  each 
other,  either  from  having  been  squeezed  together  by  pressure,  or  be- 
cause they  were  cemented  by  some  other  substance.  The  very  form  of 
these  particles  would  show  that  they  are  fragments  of  other  pre-existing 
rocks,  and  have  been  broken  off  some  parent  mass,  and  worn  by  the 
action  of  moving  water.  This  derivative  origin  and  water-worn  form 
are  very  obvious  with  respect  to  such  of  these  rocks  as  consist  oipMleSy 
or  rounded  fragments  of  other  rocks,  compacted  together  in  sand,  which 
is  clearly  the  result  of  an  abrading  process.  In  many  cases  the  very  rock 
from  some  part  of  which  the  pebbles  were  derived  can  be  pointed  out ;  in 
other  cases  the  fact  of  mechanical  transport  is  obvious,  though  the  original 
site  of  the  pebbles  may  be  unknown.  From  those  cases  where  the  indi- 
vidual constituents  of  the  rock  are  large  and  their  form  distinctly  visible, 
there  is  every  gradation  through  those  where  they  become  less  and  less, 
till  at  length  we  meet  with  some  in  which  the  particles  are  not  dis- 
cernible by  the  lens.  We  have,  then,  compact  derivative  rocks,  just  as 
we  have  compact  chemical  ones. 

To  all  such  derivative  rocks  we  may  assign  the  term  Mechanical,  as 
showing  that  their  materials  have  been  mechanically  procured  and 
transported  to  their  present  sites.  The  machinery  employed  in  this 
transportation  must  clearly  be  either  currents  of  water  or  currents  of 
air,  and  the  mechanical  rocks,  therefore,  must  be  all  either  Aqueous  or 
Aerial  rocks,  the  latter  being  very  few  and  unimportant  compared  with 
the  former.  Even  Igneous  rocks,  which  must  in  themselves  be  purely 
chemical  compounds,  may  have  their  mechanical  accompaniments,  as  the 
ashes,  cinders,  and  fragments  blown  from  the  mouths  of  volcanoes,  and 
these  may  be  compacted  into  solid  rocks,  whether  they  fall  on  land  or 
into  water. 

Organi<»lly-foTmed  Hoolu. — ^There  is  yet  another  source  from  which 
some  rocks  are  derived,  since  they  are  found  to  be  wholly,  or  almost 
wholly,  composed  of  fragments  of  animals  or  plants.  These  rocks  may 
he  termed  Organic,  in  the  sense  of  organically-derived  rocks.  The  portions 
of  the  plants  or  animals  may  be  either  little  altered  from  their  original 
condition,  or  very  much  altered  and  altogether  mineralised.  In  the 
first  case,  they  are  allied  to  the  mechanical ;  in  the  latter,  to  the  chemi- 
cal rocks. 

As,  moreover,  chemical  precipitates  are  liable  to  be  adulterated  by 
mechanical  impurities,  and  mechanical  deposits  to  be  impregnated  with 
chemically-acting  liquids  or  gases,  and  as  both  mechanical  admixtures 
and  chemical  actions  and  reactions  may  play  a  part  in  the  formation  of 
rocks  made  of  organic  materials,  we  can  easily  see  h6w  all  three  classes 
of  rocks  may  occasionally  be  mingled  together  and  pass  into  each  other, 
and  how  many  aqueous  rocks  may  have  been  formed  by  the  union 
of  two  or  of  the  three  agencies,  and  appear  to  belong  to  one  or  the 
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other  class,  according  to  the  point  of  view  from  which  we  obeerre 
them. 

We  have  now  arrived,  then,  at  the  conclusion  that  different  rocks 
had  an  aqueous,  an  igneous,  or  an  organic  origin,  solelj  from  the  con- 
sideration of  the  nature  of  the  mineral  particles  composing  them.  This 
conclusion,  however,  by  no  means  depends  entirely  on  such  considera- 
tions. The  Aqueous  rocks  are  known  to  be  so,  not  only  from  their  being 
composed  of  soluble  minerals,  or  of  minerals  that  have  been  water- worn, 
or  of  parts  of  plants  and  animals  that  have  either  lived  in  water  or  been 
carried  do\?n  into  it,  but  also  because  their  materials  are  arranged  in 
regular  layers,  beds,  or  strata,  obviously  the  result  of  their  having  been 
strewn  over  the  bottom  of  the  seas,  lakes,  or  rivers  in  which  they  were 
deposited.  They  are  hence  often  called  Sedimentary  and  Stratified 
Bocks. 

The  Igneous  Bocks,  on  the  other  hand,  are  known  to  be  such,  not 
only  from  their  consisting  of  silicates  which  could  only  be  formed  during 
fusion,  but  also  from  the  absence  of  that  regular  stratification  which  is 
more  or  less  characteristic  of  all  rocks  deposited  in  water.  If  they  have 
anything  resembling  stratification,  it  is  of  that  irregular  kind  which 
streams  of  lava  possess  as  they  flow  down  the  flanks  of  volcanoes  or 
over  gently  sloping  ground.  Many  of  them,  indeed,  are  just  such  rocks 
as  we  see  poured  forth  from  the  mouths  of  volcanoes  in  the  state  of 
molten  lava.  Even  those  which  least  resemble  actual  lava  in  mineial 
composition  are  often  found  to  be  intrusive,  that  is,  to  have  been  in- 
jected, either  as  great  masses,  or  as  veins  and  tortuous  strings,  into  the 
body  of  other  rocks,  or  else  to  have  cut  through  these  rocks  in  wall-like 
sheets  called  "  dykes,**  just  as  lava  cuts  through  rocks  in  the  neighbour- 
hood or  in  the  heart  of  volcanoes.  "We  cannot  conceive  the  possibility 
of  one  aqueous  rock  being,  at  the  time  of  its  formation,  intruded  into  or 
thrust  through  another,*  since  they  are  all  formed  by  the  tranquil  de- 
position of  sediment  coming  to  rest  at  the  bottom  of  some  water.  In- 
trusive rocks,  therefore,  must  be  of  igneous  origin.  They  are  known 
as  Unstratlfled  or  Eruptive. 

In  many  cases  these  intruded  masses  have  exerted  such  an  influence 
as  would  be  produced  by  great  heat  on  the  rock  with  which  they  came 
in  contact.  The  neighbouring  rocks  have,  in  fact,  been  burnt  or  baked. 
This  change,  together  with  the  consideration  of  the  chemical  actions 
and  reactions  that  may  be  set  up  in  the  mass  of  rocks  by  the  percolation 
of  various  fluids  or  gases,  and  the  mechanical  or  chemical  forces  Hiat 
may  be  brought  into  play  by  the  action  of  pressure  and  other  agencies, 

*  It  is  not  necessary  to  take  any  note  here  of  such  exceptional  cases  as  those  In  which,  by 
the  pressure  of  large  bodies  of  ice,  masses  of  soft  strata  may  be  contorted  and  sqneesed 
into  each  other. 
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natnraUy  dispoees  ns  to  ask  the  question,  Whether  many  rocks  as  we 
now  see  them  may  not  be  in  a  very  different  state  from  that  in  which 
they  were  originally  formed  ?  We  should,  on  investigation,  find  reason 
to  answer  this  question  in  the  affirmative,  and  introduce  another 
class  under  Sir  C.  LyelFs  term,  Metamorphio  (or  transformed)  rocks. 
Metamorpkimny  as  this  change  or  transformation  is  called,  is  much 
more  general  than  is  commonly  recognised.  Not  only  Aqueous,  but 
Igneous  rocks,  and  their  mechanically-formed  accompaniments,  have 
been  metamorphosed  into  more  crystalline  rocks  than  they  were  ori- 
ginally. Both  Aqueous  and  Igneous  rocks  have  also  been  so  acted  on 
by  mere  chemical  agencies  as  to  exhibit  nodular,  concretionary,  crystal- 
line, fibrous,  veined,  or  other  arrangements  of  their  component  ingre- 
dients, either  in  parts  or  in  the  whole  of  their  mass.  Mechanical  pressure 
has  also  imparted  an  entirely  new  structure  to  some  rocks. 

Four  great  Classes  of  Bocks. — We  may  then  class  all  rocks 
whatever  under  the  four  great  heads  of  Igneous,  Aqueous,  Aerial,  and 
Metamorphic,  according  to  the  nature  of  the  agencies  by  which  they 
have  been  brought  into  their  present  state  and  position. 

The  igneonB  are  aU  chemically-formed  rocks,  but  some  of  them 
have  their  mechanical  accompaniments. 

The  Aqueous  rocks  are  either  chemical,  mechanical,  or  oi^nic, 
those  of  mechanical  origin  being  far  the  most  abundant. 

The  Aerial  are  all  mechanical,  and  are  of  comparatively  small  im- 
portance. 

The  Metamorphio  have  been  altered  from  their  first  condition, 
sometimes  retaining  their  original  structure  and  composition,  and 
sometimes  having  these  characters  replaced  by  others,  to  be  afterwards 
described. 

ComiK>8ition,  Texture,  and  Structure  of  Bocks. — ^These  terms 
are  used  in  the  following  senses  in  this  work  : — 

Composition  refers  to  the  mineral  substances  of  which  a  rock  is 
composed. 

Texture  is  the  grain  or  manner  of  arrangement  of  the  component 
ingredients  of  a  rock.  Thus  we  find  some  rocks  granular^  others  crys- 
(alline,  or  compact  (or  crypi<hcrystdlUne)y  or  glassy,  or  earthy.  Some  are 
porphyriticj  others  amyydcUoidal,  others  vesicular,  others  schistose — terms 
which  will  be  afterwards  explained.  It  may  be  remarked,  however, 
that  some  differences  of  texture,  such  as  the  vesicular,  become  occasion- 
ally  so  exaggerated  that  they  are  then  more  properly  regarded  as  dif- 
ferences of  structure.  Texture  relates  to  the  minuter  parts  of  the 
arrangement  of  rocks,  and  can  be  determined  from  hand  specimens. 

Structure  is  the  manner  in  which  the  individual  particles,  whatever 
be  their  texture  or  minuter  relations  to  each  other,  are  built  up  into  a 
rock-mass.     The  structure  of  some  rocks  is  massive^  in  others  it  is 
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beddedy  or  amorphous,  or  Jointed,  or  columnar,  or  ilaggy,  or  daty.  But  as 
some  of  these  structural  arrangements  affect  even  the  minutest  particles 
of  the  rock,  Structure  is  occasionaUy  found  to  pass  into  what  is  more 
usually  denominated  Texture.  On  the  whole,  however,  Structure  may 
be  regarded  as  referring  to  the  larger  features  of  the  arrangement  of  a 
rock,  and  can  only  be  properly  examined  in  diffe,  ravines,  hill-sides, 
or  in  artificial  openings  of  sufficient  size,  such  as  quarries  and  railway 
cuttings.  This  part  of  our  subject  falls  to  be  treated  in  Section  XL — 
Petrology. 

Determination  of  Kocks. — In  examining  any  specimen  of  rock,  in  order 
to  detennine  to  which  of  these  classes  it  belongs,  we  proceed  in  the  following  way : 
— Having  prorided  achipping-hammer,  a  pocket-lens,  a  knife,  and  a  small  bottle  of 
dilute  hydrochloric  or  other  mineral  acid,  the  first  thing  is  to  form,  by  chipping 
two  Aresh  surfaces  on  the  specimen,  as  nearly  as  possible  at  right  angles  to  each 
other.  These  surfaces  are  to  be  carefully  examined,  in  order  to  determine  the 
texture  of  the  rock. 

Compact  Rocks. — If  the  rock  be  quite  compact,  so  that  no  crystals  or  grains 
be  apparent  even  with  the  lens,  it  should  be  scratched  with  the  knife.  If  it 
scratch  readily,  it  is  either  an  aqueous  rock  or  a  very  much  decomposed  igneous 
one.  K  it  requires  some  force  to  make  any  impression  on  it,  but  can  be  scratched 
when  that  force  is  exerted,  it  is  probably  a  compact  igneous  rock  ;  if,  on  the  other 
hand,  it  be  merely  marked  by  the  steel  of  the  Imife,  as  if  by  a  luud  lead  pencil,  it 
is  then  probably  a  purely  siliceous  rock,  either  flint,  chert,  or  some  other  form  of 
quartz.  In  that  case  it  will  be  of  aqueous  origin,  but  probably  either  part  of  a 
vein,  or  a  nodule,  or  concretion  formed  in  a  rock  rather  than  a  rock  itself.  If  a 
compact  rock  be  easily  scratched,  it  should  be  tried  with  a  little  dilute  add,  and 
if  it  effervesce  freely  it  may  at  once  be  set  down  as  limestone  ;  if  it  effervesce  slowly 
it  may  be  a  magnesian  limestone ;  and  if  it  do  not  effervesce  at  all  it  may  either 
be  gypsum  or  a  decomposed  rock. 

Oranular  Rocks. — If  the  rock  be  granular,  it  must  first  be  determined  whe^er 
the  grains  be  innate  ciystalline  particles,  or  water-worn  like  grains  of  sand.  If  its 
texture  be  coarse,  there  will  not  be  much  difficulty  in  this  determination.  Any 
distinctly  water- worn  and  rounded  grain  or  pebble  included  in  the  rock,  will  at 
once  decide  the  rock  to  be  of  aqueous  origin.  Sometimes  the  grains  may  consist  of 
broken  crystals,  very  little,  if  at  all,  water-worn,  when  it  might  be  mistaken  for  a 
crystalline  igneous  rock.  K,  however,  those  broken  crystals  be  all,  or  neariy  all, 
fragments  of  quartz,  great  doubt  would  arise  as  to  the  correctness  of  that  con- 
clusion, and  careful  search  will  often  disclose  some  grain  distinctly  rounded,  or 
some  little  fragment  which  has  obviously  acquired  its  present  form  by  mechanical 
fracture  or  attrition,  proving  it  to  be  of  aqueous  origin.  Some  varieties  of  igneous 
rock  enclose  small  globules  or  blebs  ut*  crystalline  quartz,  looking  so  like  pebbles 
that  they  might  lead  the  observer  astray.  Regular  alternations  of  layers,  slightly 
different  in  colour  and  texture,  form  strong,  but  not  absolutely  conclusive  evidence 
in  favour  of  the  rock  being  a  stratified  or  sedimentary,  and  therefore  an  aqueous 
one. 

Crystalline  or  Crystalline-granular  Rocks. — If,  on  the  contrary,  the  rock  be 
distinctly  composed  of  innate  crystalline  particles,  the  point  to  determine  will  be 
whether  those  consist  of  carbonates  or  sulphates,  on  the  one  hand,  or  sUicates  on 
the  other.  If  of  either  of  the  two  former,  it  may  be  set  down  at  once  as  an 
aqueous  rock,  if  of  the  latter,  as  igneous.  To  determine  this  point,  the  knife 
should  be  first  used — if  the  rock  be  easily  scratched  it  is  almost  certidnly  one  of 
the  two  former,  if  very  easily  scratched  and  the  scratched  part  do  not  at  all 
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efferreece  with  acids,  it  is  prohably  gypsnm.  If  the  scratched  part  instantly  boil 
np  when  acid  is  applied  to  it,  it  is  certainly  some  kind  of  limestone.  If  it  effer- 
vesce slowly,  and  have  a  pearly  lustre  and  gritty  feel,  it  is  probably  magnesian 
limestone. 

If  the  crystalline  particles  be  neither  carbonates  nor  sulphates  they  will  be 
silicates,  and  the  rock  an  igneous  one.  It  will  then  be  necessary  to  determine  the 
kind  of  igneous  rock  by  discovering  the  nature  of  the  minerals  ;  whether  in  the 
first  place  there  are  any  particles  of  iiree  silica  or  quartz  among  them,  and  whether 
the  remaining  particles  consist  of  homblendic,  felspathic,  micaceous,  or  zeolitic 
minends,  or  what  mixture  of  these,  and  in  what  proportions.  This  may  often  be 
done  either  with  the  naked  eye  or  with  a  lens,  by  recognising  the  minerals  from 
their  characteristic  external  appearance,  by  determining  the  angles  formed  by  their 
facets  and  therefore  the  form  of  their  crystals,  or  if  neither  of  these  methods  be 
possible,  by  microscopic  or  chemical  analyses,  as  described  below. 

PUUy  Rocks, — If  the  rock  have  a  very  decided  platy  structure,  so  that  a  blow 
with  the  hammer  causes  it  to  split  much  more  readily  in  one  direction  than  in  any 
other,  with  a  tendency  to  separate  into  many  thin  plates — the  question  which 
arises  is,  whether  it  be  an  aqueous  rock  formed  by  the  successive  deposition  of 
many  thin  layers,  or  a  metamorphic  rock.  If  the  former,  it  will  probably  be  soft 
or  easily  broken,  and  the  plates  will  run  parallel  to  and  coincide  with  layers  of 
different  colour  or  texture,  or  with  the  grain  of  the  rock. 

Metamorphic  Rocks.  ^If,  however,  it  be  a  metamorphic  rock,  it  will  probably 
be  hard,  and  the  plates  more  or  less  firm  after  separation  from  each  other.  If  the 
faces  of  these  plates  be  dull  and  earthy-looking,  it  is  probably  a  slate  or  "  cleaved  " 
rock.  If,  however,  the  faces  glitter  with  a  metallic  lustre,  and  the  rock  have  a 
crystalline  or  semi-crystalliue  texture,  it  will  then  be  a  schistose  or  crystalline- 
schistose  metamorphic  rock. 

The  student  will  do  well  to  procure,  and  to  examine  with  lens,  acid,  knife,  and 
hammer,  specimens  of  the  most  common  forms  of  the  minerals.  Quartz,  Oalcite, 
Gypsum,  Felspar,  Hornblende,  Augite,  and  Mica,  and  endeavour  to  recognise  them 
in  any  of  the  common  rocks,  such  as  Granite,  Diorite,  Felstone,  Basalt,  Limestone, 
Sandstone,  and  Gypsum,  by  the  methods  here  pointed  out  A  little  practice  will 
enable  him  to  do  this,  and  he  will  then  be  able  to  recognise  the  ordinary  varieties 
of  rock  which  he  is  likely  to  meet  with,  and  will  know  how  to  go  about  the  deter- 
mination of  others  when  they  occur. 

Mioroscopio  Analysis. — It  often  happens,  however,  that  neither  the  naked 
eye  nor  a  good  lens  will  help  us  to  get  at  the  composition  and  textural  arrangement 
of  fine-grained  rocks,  while  the  rough  forms  of  analysis  mentioned  in  the  foregoing 
paragraphs  are  equally  unavailing.  In  such  cases,  much  may  be  learnt  by  ex- 
amining the  rocks  under  a  microscope.  For  this  purpose  a  thin  slice  of  any  rock 
which  it  is  proposed  to  examine  is  taken  and  ground  smooth,  and  polished  on  one 
side.  The  polished  surface  is  then  securely  fastened  with  Canada  balsam  to  a 
piece  of  plate-glass,  and  the  other  side  is  ground  down  until  the  section  is  of  the 
required  thinness  and  transparency.  The  preparation  may  be  covered  vrith  a  plate 
of  very  thin  glass  mounted  with  balsam  on  the  slide,  care  being  taken  to  exclude 
all  aii^bells,  and  to  remove  all  traces  of  the  emery-powder  and  other  substances  used 
in  the  grinding  and  polishing  process. 

A  rock-section  prepared  in  this  way  enables  us  to  ascertain  with  precision  the 
manner  in  which  the  diiferent  minerals  are  built  into  each  other,  and  often  throws 
a  flood  of  light  on  the  origin  of  a  rock,  and  on  the  subsequent  changes  which  the 
rock  has  undergone.  It  furnishes  an  opportunity  of  applying  the  delicate  analysis 
of  polarised  light,  and  thus  reveals  points  of  structure  in  the  composition  of  a  rock 
which  could  not  be  ascertained  in  any  other  way.  Quite  recently  this  method  of 
research  has  been  successfully  adopted  to  discriminate  between  augite  and  horn- 
blende, two  minerals  which  it  is  very  difficult  to  distinguish  from  each  other  when 
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they  occur  in  minute  crystals.*  Microscopic  analysis  is  as  yet  only  in  its  infancy, 
but  it  promises  to  be  of  the  Tery  highest  importance  as  an  aid  to  geological 
research,  t 

Chemical  Analysis. — ^While  the  microscope  reveals  to  us  the  manner  in 
which  the  different  mine  ral  ingredients  of  a  rock  are  arranged  with  regard  to  each 
other,  it  does  not  always  enable  us  to  fix  what  the  minerals  are,  nor  inform  us 
expressly  of  what  elements  these  mineral  ingredients  are  composed.  If  we  wish 
to  ascertain  the  ultimate  chemical  composition  of  a  rock,  we  must  have  recourse 
to  chemical  analysis.  Such  an  analysis,  by  revealing  the  nature  and  proportion 
of  the  elements  in  the  rock,  will  tell  us  what  possible  combinations  these  elements 
might  form,  and  thus  indicate  what  minerals  may  be,  and  which  cannot  be,  present. 
When  chemical  and  microscopic  analysis  are  combined,  they  furnish  an  exhanstlTe 
method  of  research,  t 

*  See  Tschermak,  SitKung$beric1U  der  K.  K.  Akad.  der  Wi$9t%$ck.  Wi^n.  May  1809. 

t  The  first  sccouot  of  this  method  of  examination  of  mineral  substances  was  gnren  by 
Nicol,  in  Witham's  FostU  VtgtlaUUy  Edinburgh,  1831,  p.  46.  He  applied  it  to  the  inrestigjLtloa 
of  fossil  botany.  The  first  application  of  it  to  the  study  of  rocks  was  made  by  Mr.  Sorby  in  a 
remarkable  memoir  communicated  to  the  Geological  Society  of  London  (QnarL  J<mr.  G*oL 
Soc.  1868,  ToL  xiv.  p.  468).  Since  that  memoir  appeared  little  has  been  done  in  thisoonntry, 
though  Mr.  David  Forbes  has  been  steadily  amassing  materials  which  we  hope  will  before 
long  see  the  light  In  Germany,  however,  microscopic  analysis  has  been  eagerly  pnrsaed 
by  Zirkel,  Tschermak,  Fischer,  Sandberger,  Vogelsang,  and  many  others.  The  student  who 
is  desirous  of  prosecuting  this  method  of  research  should  study  the  psper  of  Mr.  Sorby. 
He  will  find  much  to  guide  him  in  the  investigstion  of  igneous  rocks  in  Tschermak's 
admirable  Memoir  on  the  Porphyry  Rocks  o/Austria^  Vienna,  1869,  especially  the  introduc- 
tory part,  pp.  1-29 ;  also  Zirkel's  recent  work,  Ueber  die  MikrosJMpiscke  ZvMtmmentetzvng  der 
Basaltgeeteine.  He  should  also  consult  a  pai>er  by  Mr.  David  Forbes  on  "  The  Microscope 
in  Geology,"  in  the  Popular  Science  Review  for  October  1867 ;  Dr.  Scale's  work.  How  to 
Work  with  the  Microscope^  p.  179 ;  and  a  paper  by  Mr.  J.  B.  Jordan,  "On  an  Apparatus  for 
Preparing  Rock-Sections,  in  the  Journal  of  the  Quekett  Microscopical  Club  for  July  1809. 
Mr.  Jordsn  has :  invented  an  ingenious  rock-slicing  machine,  which  may  be  obtained  from 
Messrs.  Cotton  and  Johnson,  Grafton  Street,  Soho,  London. 

t  The  chemical  analysis  of  rocks  is  treated  of  in  most  of  the  petrographlcal  works  cited 
at  the  beginning  of  this  chapter.  See,  in  particular,  BischofTs  Chemical  Geology,  and  the 
essays  of  Durocher,  Delestte,  and  Daubr^e. 

The  student  ought  to  accustom  himself  to  the  use  of  the  blpwpipe  as  an  instmment  to 
aid  him  in  the  determination  of  rocks.  Much  assistance  may  be  obtained  in  this  way.  No 
field  geologist  should  consider  his  outfit  complete  if  it  does  not  include  a  blowpipe,  with 
the  requisite  reagents,  and  a  microscope,  with  such  portable  apparatus  as  may  suffice  for 
supplying  him  with  adequate  means  of  obtaining  thin  sections  of  the  rocks  he  is  daily 
encountering  in  the  field.  Proper  detailed  chemical  analysis  is  not  possible  as  a  rule  to  a 
geologist  at  work  in  the  field,  but  he  should  apply  for  this  assistance  not  unfrequently. 
It  is  much  to  be  regretted  that  the  chemical  composition  of  British  rocks  baa  been  so  little 
attended  to  by  British  geologists. 


CHAPTER  V. 

A  CLASSIFIGATION  AND  BESCRIFTIOK  OF  ROCKS. 

L— IGOTSOUS  BOCKS. 

We  will  commence' our  examination  of  rocks  with  the  igneons  rocks  as 
those  which  are  the  most  essentially  original,  and  those  indeed  from 
which  most  others  are  either  directly  or  indirectly  derived. 

Clauijication  according  to  composition. — ^From  what  has  been  said 
before,  it  may  be  inferred  that  all  igneous  rocks  without  exception  are 
composed  of  minerals  which  are  silicates.  These  minerals  may  be  said 
to  belong  to  two  great  classes,  silicates  of  Magnesia  and  silicates  of 
Alumina,  the  species  or  varieties  of  each  resulting  from  their  various 
mixtures  with  silicates  of  potash,  soda,  lime,  iron,  manganese,  etc. 
The  silicates  of  Magnesia,  etc,  constitute  the  homblendic,  or  pyroxenic, 
or  augitic  minerals ;  the  silicates  of  Alumina,  etc,  forming  the  fels- 
pathic  ones.  The  micaceous  minerals,  which  we  may  look  on  as  hold- 
ing an  intermediate  place  between  them,  are  in  reality  of  minor 
importance,  so  far  as  unaltered  rocks  are  concerned. 

The  Felspars  are  the  bases  of  all  truly  igneous  rocks,  those  in 
which  no  felspar  or  mineral  of  that  type  is  present  being  very  few  and 
unimportant,  even  if  they  exist  at  aU.  The  Homblendic  and  Augitic 
minerals  hold  the  next  most  important  place,  and  the  volcanic  and 
trappean  rocks  may  be  divided  into  two  great  series  depending  on  the 
amount  of  those  minerals  which  are  mingled  with  the  felspars.  Those 
rocks  in  which  Felspar  alone  occurs,  or  in  which  it  greatly  predominates, 
may  be  called  the  felspathic  rocks  ;  those  in  which  the  Homblendic  or 
Augitic  minerals  play  a  considerable  part,  may  be  called  homblendic 
or  pyroxenic  rocks. 

In  the  purely  felspathic  igneous  rocks,  the  felspar  is  either  Ortho- 
clase  (monoclinic)  and  the  rock  is  highly  silicated  or  (icidicy  as  in  felr 
stone,  etc.,  or  it  is  a  triclinic  or  plagioclase  felspar,*  as  in  porphyrite. 
In  the  homblendic  or  augitic  rocks,  the  felspar  is  plagioclase,  either 
Oligoclase,  or  some  more  basic  variety,  as  Labradorite  or  Anorthite, 
and  the  rock  is  of  a  hade  character. 

*  See  awU,  p.  70— Tbcbennik's  Table  of  tiie  FelipArs. 
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Classi/catum  according  to  circumstancei  of  formation. — To  the  geolo- 
gist, however,  the  minend  coinposition  of  a  rock  is'  chiefly  of  import- 
ance as  enabling  him  to  determine  its  method  of  formation.  It  has 
been  proposed  accordingly  to  class  the  igneous  rocks  under  two  heads — 
the  Volcanic  or  those  which  reached  the  surface,  and  the  Plutonic  or 
those  which  consolidated  at  some  distance  below  it  But  practically 
we  often  meet  with  rocks  that  it  is  difficult  to  place  with  certainty  in 
either  dass.  It  is,  moreover,  often  advisable  to  avoid  terms  that 
involve  forgone  conclusions.  For  these  reasons  it  seems  preferable  to 
arrange  the  igneous  rocks  under  three  heads — ^Volcanic,  Trappean,  and 
Granitic.  The  middle  term  trappean  is  one  of  convenience  only,  to 
include  some  rocks  that  have  been  formed  by  volcanic  action,  some 
that  are  more  essentially  granitic,  with  many  intermediate  or  undeter- 
mined rocks  between  the  two.  The  term  Granitic  is  also  vague,  be- 
cause there  are  granites  which  are  metamorphic  rather  than  igneous 
rocks.  The  vagueness  of  these  terms,  however,  is  at  present  their 
recommendation,  for  the  reasons  given  above. 

Igneous  rocks  differ  among  themselves — 

Ist,  In  composition,  as  being  made  up  of  different  minerals. 

2dly,  In  having  different  textures. 

3dly,  In  having  different  structures. 

1.  The  mineralogical  differences  between  the  varieties  of  igneous 
rocks  will  be  seen  in  the  following  systematic  account  of  the  more 
important  of  these  varieties. 

2.  The  chief  varieties  of  texture  ore  the  crystalliney  which  is  sub- 
divided into  coarse-crystalling  and  fne-crystalUne  ;  the  compact  or  arypto- 
crystalline  or  homogeneous ;  the  granular ;  the  glassy  ;  the  earthy  ;  the 
porphyrttic  ;  the  vesicular ;  and  the  amygdaloidal. 

Some  differences  of  texture,  as  previously  remarked,  become  occa- 
sionally so  exaggerated  that  they  pass  into  structural  differences.  This 
is  particularly  to  be  observed  in  some  igneous  rocks  where  on  one  side 
we  have  a  finely-vesicular  texture,  on  the  other  side  a  rock  in  which 
the  cavities  have  become  so  large,  irregular,  and  abimdant,  as  wholly 
to  alter  the  aspect  of  the  mass  and  give  it  the  structure  of  a  slag  or 
scoria. 

When  a  rock  is  distinctly  crystalline,  so  that  the  crystals  of  its 
mineral  constituents  are  clearly  discernible,  they  may  be  determined 
by  simple  inspection.  In  the  compact  and  vitreous  textures,  however, 
the  determination  of  the  mineral  constituents  of  a  rock  can  only  be 
arrived  at — 1st,  By  chemical  analysis,  which  will  enable  us  either  to 
determine  what  minerals  the  elements  found  in  such  proportions  would 
be  likely  to  form,  or  to  compare  the  analysis  with  that  of  other  speci- 
mens of  which  the  mineral  constituents  are  known  ;  or  2d,  By  micro- 
scopic analysis,  whereby,  using  extremely  thin  sections  of  the  rocks 


IGNEOUS  ROCKS.  99 

mounted  upon  glass,  we  are  enabled  to  examine  their  texture  and 
mineralogical  composition  under  a  high  magnifying  power. 

It  is  a  known  fact  in  the  manufacture  of  glass,  that  the  very  same 
molten  mass  of  silicates  will  form  transparent  glass,*^  opaque  slag,  or 
ciystalline  stone,  according  to  circumstances.  As  these  different  condi- 
tions of  texture  receive  different  names,  so  may  the  different  textures 
of  natural  substances  receive  different  names,  notwithstanding  that  in 
some  cases  they  consist  of  essentially  the  same  ingredients.  As  some 
slags  become  porous,  or  vesicular,  and  thus  pass  into  cinders,  so  some 
igneous  rocks  likewise  assume  a  vesicular  or  cindery  character.  When 
the  pores  or  vesicles  become  filled  with  a  crystalline  nucleus  or  kernel 
of  any  mineral,  either  by  subsequent  infiltration,  or  during  the  process 
of  consolidation,  so  that  the  dispersed  crystalline  patches  look  like 
almonds  stuck  into  the  mass,  the  rock  is  said  to  be  an  amygdalMy  or  to 
have  an  amygdaloid<d  texture. 

When  single  detached  crystals  are  disseminated  through  a  compact 
base,  or  large  crystals  through  a  fine-grained  base,  the  rock  is  said  to 
be  poTphyritic.  When  the  amygdaloidal  or  porphyritic  textures  become 
80  marked  as  to  appear  the  most  prominent  characters  of  the  rock,  that 
rock  has  often  been  spoken  of  simply  as  an  amygdaloid  or  a  porphyry. 
As,  however,  these  are  incidental  textures,  common,  the  amygdaloidal 
to  several,  the  porphyritic  to  all  igneous  rocks,  this  nomenclature 
elevates  an  accidental  to  an  essential  attribute  ;  a  mistake  which  it 
is  better  to  avoid 

3.  The  leading  differences  of  structure  among  igneous  rocks  are  the 
hfddedf  where  the  rocks  are  arranged  in  beds  ;  amorphotcs,  where  no 
bedded  or  other  structure  can  be  made  out  ;  massive,  occurring  in  large 
masses  which  can  be  broken  or  quarried  in  any  direction  ;  laminated, 
divided  into  thin  layers  ;  joiiUed,  traversed  by  "  joints "  whereby  the 
rock  is  separated  into  angular  blocks  ;  columnar,  divided  by  prismatic 
joints  into  prisms  or  columns  ;  scoriaceous,  rough  and  ragged  like  the 
Bconse  of  a  volcano  ;  slaggy^  resembling  the  slag  of  an  iron-furnace. 
The  structure  of  rocks  will  be  treated  in  detail  in  succeeding  chapters. 
The  student  will  bear  in  mind  the  remark  made  in  a  previous  paragraph, 
that  texture  and  strttcture  are  in  some  directions  found  to  pass  into  each 
other. 

*  The  formatioii  of  crystals  tram  a  state  of  igneous  fusion  is  in  every  respect  analogous 
to  what  takes  place  when  crystals  are  formed  in  water.  It  is  simply  the  deposition  of 
crystals  fh>m  solution  in  a  liquid  that  becomes  solid  at  a  high  temperature,  or  the  crystal- 
lisation of  that  liquid  itself » In  the  same  manner  as  when  crystals  are  deposited  Arooi  solu- 
tion in  water,  or  that  water  itself  feezes.  ...  A  glass  is  a  liquid  which,  on  cooling, 
becomes  more  and  more  viscous,  and  at  length  solidifies  without  undergoing  any  sudden  or 
definite  change  in  physical  structure.  If,  however,  the  liquid,  after  cooling  to  a  certain 
temperature,  crystallise,  it  undergoes  a  sudden  and  entire  physical  change,  and  the  structure 
becomes  stony.^5or&y  on  Mioroacopieol  Stmeture  nS  Cry^ialM.  Oeol.  Journal,  voL  xiv.  p. 
466.) 
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^.-VOIiOAHTO  BOCKS. 

a.  Crystalline. 

These  are  often  spoken  of  nnder  the  general  term  of  Lava,  though 
that  term  is  more  properly  applied  to  the  dark  basaltic  and  frequently 
Bcoriaceous  varieties  which  are  emitted  in  streams  from  volcanic  craters. 
They  may  be  grouped  under  two  divisiona^l.  The  Trachytic  family  ; 
2.  The  Doleritic  or  Pyroxenic  family. 

Bunsen,  in  his  memoir  on  the  volcanic  rocks  of  Iceland,*  describes 
his  normal  trachytic  rocks  at  one  end  of  the  volcanic  series,  and  his 
normal  pyroxenic  rocks  at  the  other  end,  with  many  intermediate 
varieties  between  the  two.  He  states  the  following  as  the  mean  value 
of  the  composition  of  his  two  normal  rocks,  and  shows  that  by  analys- 
ing any  intermediate  variety  of  rock,  and  determining  the  proportion  of 
any  one  of  these  ingredients  (taking  the  silica  as  the  easiest  and  best), 
the  proportion  of  the  other  ingredients  may  be  calculated,  and  thus 
may  be  determined  the>  quantities  of  these  two  normal  substances  which 
bave  been  mixed  together  to  form  the  rock  in  question. 

Normal  Nonnal 

Trachytic       Pyroxenic 

Silica 76-67  48*47 

Alumina  and  protozide  of  iron     .        .  14'23  80*16 

Lime 1*44  11*87 

Magnesia 0*28  6*89 

Potash 8-20  0*65 

Soda 4*18  1-96 

100*00  100*00 

The  analyses  given  in  the  following  descriptions  of  the  rocks  are 
chiefly  taken  from  Durocher's  Essay  on  Comparative  Petrology. \ 
They  show  the  maximum  and  minimum  of  each  ingredient  observed 
by  many  different  analysts,  and  give  the  mean  composition  of  the  rock. 

I.  The  Trachytes,  or  Felspathio  or  Acidic  Group. 

The  Trachytes  are  so  called  from  the  Greek  word  r^a;^uc,  rougky 
as  they  commonly  have  a  rough  prickly  feel  to  the  finger.  They  are 
usually  light-coloured,  pale  grey,  or  white,  but  sometimes  dark  grey 
or  nearly  black.  .They  are  composed  principally  of  a  felspar,  rich  in 
silica,  such  as  Orthoclase,  or  its  varieties,  and  not  any  of  those  in  which 
the  bases  are  more  abundant,  such  as  Labradorite  or  Anorthite. 

Trachyte,  properly  so  called,  has  either  a  fine-grained  or  compact  texture,  a 

•  Poggend.  AnnaL,  toI.  IxxziU.  p.  201  (1861). 
t  Translated  by  Haaghton  in  his  Ma/nual  c/Gtology, 
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liaiBh  feel,  and  sometimes  a  cellular  and  scorified  appearance.  It  varies  in  colour 
from  a  pale  grey  to  dark  iron-grey,  and  is  sometimes  reddish  from  the  presence  of 
iron.  It  is  composed  of  a  confused  aggregation  of  crystals  of  felspar,  often  minute 
and  needle-shaped,  but  with  others  laiger  and  more  distinct. 


Trachyte  contains 

Maximum. 

Miniraum. 

Mean. 

SUica 

.       71-0 

64  0 

66-5 

Alumina    . 

.       20-0 

13  0 

17  0 

Potash 

9-0 

3  0 

5  0 

Soda 

60 

0-6 

4-0 

Lime 

2-6 

0-6 

1-4 

Magnesia 

2-0 

00 

11 

Oxides  of  iron  and  manganese         .        5*0 

1-6 

8  0 

Loss  by  ignition 

20 

0*0 

m 

1-0 

99-0 
Specific  gravity,  maximum  2*70,  minimum  2*60,  mean  2 '67. 

Trachyte  is  divided  into  several  varieties,  according  to  the  nature  of  its  com- 
ponent felspar  and  other  ingredients.  Normal  trachyte^  according  to  the  arrange- 
ment of  Zirkel,  is  characterised  by  the  absence  of  quartz  and  the  presence  of 
saoidin,  either  alone,  when  the  rock  forms  samdivrtrcLchytej  or  with  oligoclase, 
when  it  is  known  as  sanidittroligoclase'trachyU  or  DrachenfiU  trae/tyte.  Quartz- 
trachyte  has  a  felsitic  base,  with  crystals  or  grains  of  quartz  and  crystals  of  sanidin, 
and,  less  markedly,  of  oligoclase.  Domiie  is  the  name  given  to  a  variety  of  tra- 
chyte found  in  the  district  of  Puy  de  Ddme  in  Central  France.  It  is  a  greyish- 
white,  fine-grained,  often  earthy  and  friable  rock,  supposed  by  some  to  have  been 
altered  by  the  passage  through  it  of  hydrochloric  acid.  The  trachytes  are  often 
highly  porphyritic.  Crystals  of  sanidin  occur  in  them  an  inch  or  more  in  length, 
as  in  the  well-known  rock  of  the  Drachenfels.  Other  minerals  found  in  trachyte 
are  hornblende,  black-mica,  augite,  etc  In  the  neighbourhood  of  the  Laacher 
See,  rounded  blocks  of  a  trachjrtic  rock,  known  as  "  Sanidin  bombs,"  are  rich  in 
minerals,  particularly  in  hornblende,  mica,  olivine,  augite,  titanite,  hatlyne,  nosean, 
magnetic  iron,  leucite,  and  many  others. 

Fearlstone  is  composed  of  a  number  of  globules,  frt>m  the  size  of  a  nut  to  that 
of  a  grain  of  sand,  of  a  vitreous,  or  enamelled  aspect,  and  pearly  lustre,  occa- 
sionally adhering  together  without  any  paste.  These  sometimes  lose  their  lustre 
and  size,  and  pass  into  a  compact  stony  mass,  or  they  assume  an  internal  radiated 
structure  (sphaerulite).  Pearlstone  is  found  in  some  places  to  become  fibrous, 
cellular,  and  spongy,  and  to  pass  gradually  into  obsidian,  pitchstone,  or  pumice. 
Trachytic  porphyry  sometimes  passes  into  pearlstone  by  insensible  gradations,  just 
as  we  shall  hereafter  see  that  felstone  is  sometimes  porphyritic  and  sometimes 
nodular  and  concretionary. 

Andeaite;  a  trachytic  rock,  found  in  Chimborazo  and  other  parts  of  the 
Andes,  and  also,  according  to  Abich,  in  the  Caucasus.  It  has  various  degrees  of 
compactness  and  consistency,  and  has  a  coarse  conchoidal  fracture.  G.  Bose  says 
it  contains  crystals  of  oligoclase  and  augite ;  Abich  makes  them  oligoclase  or  albite, 
with  hornblende  and  magnetic  iron  ore. 

Clinkstone  or  Pbonolite  is  a  compact  homogeneous  rock,  with  a  scaly  or 
splintery  frracture,  sometimes  conchoidal,  of  a  greyish-green  or  ashy-grey  colour, 
weathering  white  externally.  It  is  often  rendered  porphyritic  by  scattered  crys- 
tals of  stuoidin,  but  these  are  commonly  not  very  distinctly  separable  from  it, 
appearing  only  as  brilliant  surfaces  here  and  there  in  the  mass.  Other  mineral 
accessories  are  hornblende,  nepheline,  and  magnetic  iron,  sometimes  titanite  and 
augite.     Gmelln  showed  that  phonolite  consists  of  a  part  soluble  in  hydrochloric 
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acid,  and  another  part  not  soluble.  The  soluble  portion  was  considered  to  be  a 
zeolite,  and  the  rock  was  regarded  as  a  trachyte,  altered  by  sea>water.*  More 
recent  inrestigations,  however,  lead  to  the  conclusion  that  the  supposed  zeolite 
ingredient  may  be  nepheline.  Jensch  regards  the  Bohemian  phonolite  as  consist- 
ing of  sanidin,  58*55  ;  nepheline,  81*76;  hornblende  (like  arfvedsonite),  9*84  ; 
titanite,  8*67  ;  iron  pyrites,  0*04. 

Clinkstone  commonly  splits  into  thin  slabs,  and  is  often  so  finely  laminated  as 
to  be  used  for  roofing  slate.  The  slabs  give  a  metallic  sound  when  struck  with 
the  hammer,  whence  its  name.  It  is  sometimes  perfectly  columnar ;  the  columns 
splitting  across  into  slabs,  which  are  also  used  as  slates. 


Clinkstone  contains                Mazimam. 

Hinimnm. 

Mean. 

SiUca        ...            62 

54 

57*7 

Alumina  ...            24 

17 

20*6 

Potash      ...              9 

8 

6*0 

Soda         ...            14 

8 

7*0 

Lime        ...              8*5 

0 

1*5 

Magnesia ...              2 

0 

0*5 

Oxides  of  iron  and  manganese         4*5 

1*5 

8*5 

Loss  by  ignition  .             .            8*5 

1-0 

8*2 

Specific  gravity,  mean  2*58. 


100*0 


Obsidian,  or  Voloanio  Glass,  is  the  completely  vitreous  condition  of  a 
trachytic  rock.  It  commonly  looks  like  coarse  bottLe  glass,  having  a  conchoidal 
fracture  and  breaking  into  sharply  angular  fragpients,  semi-transparent  or  tranv 
lucent  at  the  edges ;  black,  brown,  or  greyish-green,  rarely  yellow,  blue,  or  red, 
sometimes  streaked.  It  is  divided  into  obsidian  proper,  a  perfect  natural  glass  ; 
obsidian  porphyry^  containing  felspar  crystals  scattered  through  the  glassy  base  ; 
gphcervlitic  obsidian,  containing  sphserulitic  granules,  which  have  a  more  or  less 
perfect  internal  radiated  structure  ;  blistered  obsidian,  a  rock  full  of  cavities,  often 
drawn  out  in  one  direction,  and  giving  thereby  a  kind  of  fissile  structure  to  the 
rock.     The  last-named  variety  passes  naturally  into  pumice. 


Obsidian  contains                   Maxininin 

Minimum. 

Mean. 

Silica       ...            78 

61 

710 

Alumina  ...            19 

10 

18*8 

Potash     ...              7 

0 

•     4*0 

Soda        ...            11 

0 

5*2 

Tiime        ...              2 

0 

1*1 

Magnesia             .            .              1 

0 

0*6 

Oxides  of  iron  and  manganese        6 

2 

8*7 

Loss  by  ignition  .            .         .     1  *5 

.0 

0*6 

100  0 

Specific  gravity,  maximum  2*55,  minimum  2*25,  mean 

2*40. 

Pumice  is  the  cellular  and  filamentous  form  of  obsidian  or  other  trachytic 
rock,  and  the  same  remarks  as  to  composition  will  apply  to  it  as  to  obsidian.  It 
is,  in  fact,  the  froth  of  a  lava,  its  porous  and  filamentous  characters  being  due  to  the 
escape  of  steam  or  gaseous  matter  through  it.  Owing  to  this  porous  and  vesicular 
character  it  swims  on  water,  but  its  true  specific  gravity,  when  pounded,  varies 
fram  2  0  to  2*58,  the  mean  being  2*30. 


Bee  Ablch,  quoted  in  I/Afxhiaf^  voL  111.  p.  804. 


DOLERITES. 

Pamioe  oontains 

IfaxiroanL 

Hlnimnm. 

Mean. 

SUica. 

77-0 

61  0 

68-8 

Altimina 

18  0 

10-0 

14-0 

Potash 

60 

1*5 

8-7 

Soda. 

110 

0  0 

6  0 

Lime. 

2-0 

0  0 

11 

Magnesia 

10 

0-0 

0-6 

Oxides  of  iron  and  manganese  4*5 

0-6 

8-2 

Loss  by  ignition 

4-0 

0-5 

2-6 
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100-0 

Connected  with  the  trachytes  is  a  Tariety  of  rock  possessing  some  of  the 
characters  of  the  doleritic  series,  and  to  whidi  Abich  gave  the  name  of  Trachy- 
doUriU.  It  contains  oligoclase  or  labradorite,  hornblende,  angite,  and  a  little 
magnetic  iron.  According  to  Zirkel,*  the  greater  part  of  the  rocks  so  named 
belong  to  the  qnartzless  angitic  andesites. 

2.  The  Dolerites,  ob  Pyroxbnic  or  Basic  Group. 

The  term  doleriu  (from  Greek  bokt^iy  deceptive)  is  the  name  given  to 
a  group  of  igneous  rocks  of  a  dark  green  or  black  colour,  composed  of  a 
ndxture  of  a  tiidinic  felspar  and  augite  (pyroxene),  with  magnetic  or 
titaniferouB  iron  and  olivine.  They  are,  as  a  whole,  heavier  than  the 
trachytes,  and  are  more  hone,  that  is,  contain  a  larger  proportion  of 
the  heavier  bases,  while  the  trachytes  are  more  acidic,  or  contain  a 
larger  percentage  of  silica.  The  doleritic  rocks  contain  three  principal 
varieties— iioZeri^,  anamcntCy  and  basalt ;  but  they  all  pass  into  each 
other,  and  the  names  are  indeed  based  more  on  mere  differences  of 
texture  than  on  any  essential  distinctions. 

Dolerite.— A  crystalline-grannlar  mixtnre  of  labradorite  and  angite,  with 
some  titaniferons  or  magnetic  iron,  and  often  containing  a  little  carbonate  of  iron 
and  carbonate  of  limcf    General  colour,  dark  grey. 


Dolerite  contains 

Maximum. 

Minimum. 

Mean. 

SiUca 

.      55 

45 

51-0 

Alumina 

16 

12 

140 

Potash 

1 

0 

0-2 

Soda 

5 

2 

8-4 

Lime 

.       18 

7 

10-0 

Magnesia 

9 

8 

5-5 

Oxides  of  iron  and  manganese 

18 

9 

14-7 

Loss  by  ignition 

8 

0-6 

11 

99*9 
Specific  gravity,  maximum  8*10,  minimum  2*85,  mean  2'95. 

The  labradorite  forms  white  or  light  grey  tabular  crystals,  the  augite  black 
columnar  ones.  Both  can  be  distinguished  by  the  naked  eye,  especially  in  the 
coarser  varieties.      The  magnetic  iron  forms  small  octahedral  scarcely  visible 

«  Ltkrlmck,  IL  147. 

t  Some  of  the  Canadian  doleritea  abound  In  olivine.     See  Sterry  Hunt :  DtteripHvt 
CaUdogiu  qf  Minerals  and  Boekt  c/ Canada  in  LoiuUm  BxMbUian  of  18^  p.  SS. 
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grains,  which,  when  the  rock  is  pounded,  can  be  remoTed  by  the  magnet  Hie 
most  characteristic  accessory  mineral  in  dolerite  is  olivine,  which  occurs  in  minute 
granules  of  a  yellowish  or  greenish  tint,  somewhat  like  grains  of  gum-«rabic  Other 
minerals  that  also  occur  are  nepheline,  leucite,  melanite,  and  occasionally  horn- 
blende. A  Tariety  from  Aulgasse  near  Siegbui^  is  said  to  oontain  28  per  cent  of 
carbonates,  three-fourths  of  that  being  carbonate  of  iron. 

The  varieties  of  dolerite  are :  granmlar  or  ordinary ^  povphyrUiCt  and  amygia- 
hidoL 

Anamesite  is  a  fine-grained  or  micro-crystalline  dolerite,  in  which  the  com- 
ponent minerals  are  so  intimately  blended  that  they  cannot  readily  be  distinguished. 
Its  colour  is  dark  grey  or  greenish  or  brownish  black.  It  forms  the  intermediate 
step  between  dolerite  and  basalt     Specific  gravity  2 '80. 

Bault  is  a  compact,  apparently  homogeneous,  nearly  or  altogether  black  rock, 
with  a  dull  oonchoidid  fracture.  Until  recently  basalt  has  been  usually  regaixiea 
as  an  intimate  mixture  of  labradorite,  augite,  and  titaniferous  iron,  with  a  frequent 
admixture  of  olivine,  of  a  zeolitic  substance,  and  of  carbonates  of  lime  and  iron. 
After  an  elaborate  series  of  microscopic  investigations,  Zirkel  has  lately  divided 
basalt  into  three  groups,  according  to  the  nature  of  their  colourless  silicate: — lot, 
Felspathic  basalta,  where  the  colourless  and  non-ferrugineous  silicate  is  a  triclioic 
felspar.  These  are  the  most  abundant  of  the  basalts :  they  include  all  the  British 
basaltic  rocks.  2d,  Leucitie  baacUts^  where  the  dear  silicate  is  leucite.  8d,  NqAe- 
line  baaalis,  where  nepheline  takes  the  place  of  the  felspar  or  of  the  leucite.  What- 
ever be  the  nature  of  the  colourless  silicate,  however,  these  three  groups  agree  in 
being  largely  composed  of  augite  and  magnetic  (or  titaniferous)  iron,  with  almost 
always  more  or  less  olivine.  Nepheline-dolerite  and  LeucUaphyr  or  Leudt&rodc 
are  names  given  to  some  of  the  more  distinctly  crystalline  varieties  where  nephe- 
line and  leucite  respectively  occur. 

According  to  difierences  of  texture  we  have  ordinaty  basalt,  porphyriHe  bataU, 
amygdaJUndal  basalt,  slaggy  basalt,  wacke  or  earthy  basaU.  Occasionally  basalt, 
owing  perhaps  to  rapidity  of  cooling,  has  assumed  a  glassy  character.  Under  this 
phase  it  is  known  as  tachylite,  whid^  is  a  dark  green  or  black  glass,  very  like  pitch- 
stone  in  external  appearance.  This  substance  has  been  found  by  Mr.  Geikie  not 
unfrequently  as  a  thin  crust  on  the  sides  of  basalt  and  dolerite  dykes  in  Scotland.* 


Basalt  contains 

Maximum. 

llinimnm. 

Mean. 

Silica 

58 

42 

48-0 

Alumina 

18 

10 

18-8 

Potash 

3 

0-6 

1-6 

Soda 

6 

2 

80 

lame 

14 

7 

10-2 

Magnesia 

10 

8 

6-5 

Oxides  of  iron  and  manganese 

16 

9 

18-8 

Loss  by  ignition 

5 

1 

8-2 

100-0 

Specific  gravity,  maximum 

8-10,  n 

minimum  2'85,  mean 

2-96. 

*  Messrs.  Chance  of  Birmingham  melted  the  basalt  of  the  Rowley  Hills  by  simple  best 
without  the  addition  of  any  foreign  ingredient,  and  cast  it  into  blocks  and  oraamental 
mouldings  for  architectural  purposes.  These  blocks  are  internally  stony,  minutely  crystal- 
line in  some  parts,  in  others  vesicular  and  slsggy.  Portions,  however,  which  were  cast  as 
thin  slabs  for  roofl^  purposes,  and  allowed  to  cool  rapidly,  formed  a  glass  undistingnish- 
able  by  any  external  character  from  that  of  volcanic  districts.  Specimens  may  be  seen  In 
the  Mosenms  of  Jennyn  Street,  liondon,  and  Stephen's  Oreen,  Dublin.  An  account  of  the 
numufiujtore  will  be  found  in  The  Birmingham  and  Midland  Uardwxrt  District,  a  volume 
containing  a  series  of  Reports  to  the  British  Association  in  1805. 
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Doleritic  rocks,  when  they  have  been  intrnded  among  coal-seams  or  bituminous 
shales^  usually  become  dull,  and  more  or  less  earthy  in  texture,  and  white  or  pale 
yellow  in  colour.  Dykes  of  this  "  white  rock  "  trap,  or  "  white  horse,"  proceeding 
from  the  intntsiTe  masses  of  the  south  Staflfordshlre  coal-field,  look  sometimes  like 
an  earthy  variety  of  felstone  or  porphyrite,  and  might,  unless  carefully  examined, 
be  eyen  mistaken  for  sandstone  or  day,  except  that  they  send  threads  and  veins 
through  the  coal  and  other  rocks,  and  alter  them.*  llie  late  Mr.  Henry  deter- 
mined the  composition  of  a  specimen  of  this  **  white  rock  "  trap  as  follows  : — 


Silica  . 

88-830 

Alumina 

13-250 

Lime 

3-926 

Magnesia 

4-180 

Soda  . 

0-971 

Potash 

0-422 

Protoz.  iron    . 

18-830 

Perox.  iron 

4  •836 

Carbonic  acid 

9-320 

Water 

11-010 

100.078 

The  presence  of  so  large  a  quantity  of  carbonic  acid  and  water  makes  it  appear 
very  diiferent  in  composition  from  any  of  the  doleritic  rocks  just  mentioned,  but  if 
we  regard  these  two  substances  as  of  subsequent  introduction  by  percolation,  and 
as  having  entered  into  the  composition  of  tiie  rock  as  metamorphic  agents,  some 
of  the  silicates  having  been  decomposed  and  converted  into  carbonates,  and  others 
of  them  becoining  hydrated,  there  will  be  no  diflSculty  in  supposing  the  rock  to 
have  formed  originally  part  of  the  doleritic  mass  from  which  the  dykes  proceed. 

The  names  doUrite-lava,  anamesiU-lava,  and  basaU-lava,  have  been  given  to 
rocks  having  the  character  of  dolerite,  anamesite,  and  basalt  respectively,  and 
which  have  been  erupted  as  lavas  from  recent  volcanoes.  But  there  is  really  no 
good  line  of  separation  between  the  two,  so  far  as  petrographical  characters  go. 
The  aflix  **  lava  "  serves  to  indicate  that  the  rock  \b  of  modem  date,  and  has  been 
poured  out  at  the  surface  as  a  lava ;  but^dolerite,  anamesite,  and  basalt,  have  also 
been  in  a  great  many  cases  thrown,  out  at  the  surface  as  true  lava-streams,  chiefly 
during  the  tertiary  periods. 

p,  FragmentaL 

The  firagmentaiy  materials  ejected  from  a  yolcanic  orifice  during 
eraption  varj  in  character  from  laige  blocks  of  laya  down  to  the  most 
impalpable  dust.  These  materials  often  greatly  surpass  in  bulk  the 
mere  lava  streams  which  precede,  follow,  or  accompany  them.  Their 
state  of  consolidation  varies  as  much  as  the  size  and  composition  of 
their  particles.  Sometimes  they  remain  quite  loose  and  incoherent, 
sometimes  form  a  solid  stone.  If  after  ejection  they  Ml  on  the  land, 
they  may  become  compacted  into  a  rock  by  the  simple  pressure  of  their 
own  weight,  or  by  becoming  mixed  with  water  either  at  the  time  of 

*  See  a  paper  by  Mr.  D.  Forbes  in  Popular  Science  Review  for  October  1867,  Plate  xvil. 
^  5,  and  Plate  xviiL  Fig.  12.  The  coal-fields  of  Ayrshire  present  many  illastrations  of  this 
feature  of  intrusive  doleritic  rocks.  The  coal  is  often  rendered  beantiftilly  columnar  when  it 
comes  in  contact  with  the  vein  of  igneous  rock.  See  Catalogue  of  OeoL  Survey  specimens 
hi  Edhiborgh  Museum,  p.  80. 
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eruption  or  by  subsequent  percolation.  This  water  may  either  be  the 
condensed  vapour  which  escapes  in  enormous  quantities  from  volcanic 
foci,  or  rain,  or  other  water,  subsequently  gaining  access  to  the  volcanic 
detritus.  The  volcanic  ash  that  fell  on  Herculaneum  was  mixed  with 
water,  and  is  therefore  much  more  consolidated  than  that  which  covered 
Pompeii.  If  the  materials  fall  in  the  sea,  they  become  subject  to  the 
conditions  imder  which  all  other  mechanically-formed  aqueous  rocks  are 
produced,  and  may  then  enclose  and  preserve  sheUs,  seaweeds,  or  other 
organisms. 

The  word  "  ash,"  often  used  to  denote  the  finer  debris  showered 
out  by  a  volcano,  is  not  very  good,  since  its  primary  meaning  seems 
to  be  only  "  a  fine  powder,  the  residuum  of  combustion."  A  word  is 
wanting  to  express  all  the  loose  materials  blown  out  from  a  volcanic 
orifice  during  an  eruption,  no  matter  what  their  size  and  condition  may 
be.  We  might  call  them  perhaps  "  pyrodastic  materials,"  but  I  have 
endeavoured  in  vain  to  think  of  an  English  word  which  should  express 
this  meaning.  If  the  word  "  ash  **  is  retained,  it  should  be  used  with 
the  requisite  enlarged  technical  signification. 

The  following  are  the  chief  varieties  of  fragmental  rocks  of  volcanic 
origin: — 

Sooria  Lb  the  name  given  to  rough  cinder-like  fragments  of  lava  which  are 
ejected  from  a  volcanic  orifice.  The  term  has  reference  to  the  external  form  and 
loose  cellular  structure  of  the  stones. 

Bombs  are  portions  of  liquid  lava  which  have  been  thrown  into  the  air,  and  have 
token  a  more  or  less  spherical  form  from  their  rapid  rotation  while  cooling ;  they 
are  frequently  hollow. 

Smaller  fragments  of  igneous  rocks  thrown  from  a  crater  are  loosely  called 
voloanlo  atonoa,  or  lH>illt 

The  finer  materials  which  are  ^'ected  and  sometimes  borne  to  vast  distanoes 
from  their  point  of  emission  are  known  as  voloanio  sand,  dust,  or  ashes. 

When  these  various  fragmentary  substances  come  to  form  rock-masses,  the 
latter  are  distinguished  by  different  names  according  to  the  texture  of  the  com- 
ponent ingredients. 

When  a  coarse  unstratified  mass  of  volcanic  stones  and  mbhish  is  formed,  it  is 
known  as  a  voloanio  agglomerate.  If  the  stones  are  rough  and  ang^ular,  and 
are  grouped  in  layers,  the  rock  becomes  a  volcanic  breooia.  If  the  stones,  on 
the  other  hand,  are  rounded  (especially  if  they  are  waterwom)  and  arranged  in 
strata,  they  give  rise  to  a  voloanio  conglomerate. 

Small  gravel-like  fragments  of  ejected  materials  cemented  together  in  a  base  of 
volcanic  dust  form  rocks  which  are  known  as  tuff,  voloanio  ash«  peperino,  etc 

Further  subdivisions  are  made  according  to  the  mineral  character  of  the  in- 
cluded materials.  Thus  we  have  bcualt-brecciOy  or  basaUrconglomcrcUe,  where  the 
fragments  are  wholly  or  chiefly  of  basalt ;  irachyte-tuf,  where  the  rock  is  formed  of 
triturated  trachyte  ;  so  also  hasaU-tufff  doUrite-tuf,  etc. 

Trass  (Duckstein,  Tuffstein)  is  a  term  applied  in  the  Rhine  district  to  a  com- 
pact form  of  pumiceous-tuff  of  a  yellowish  colour  which  has  filled  up  some  of  the 
valleys  to  a  considerable  depth,  and  is  now  largely  quarried  as  a  hydraulic  mortar. 
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•  a-TRAPPEAJT  BOOKS. 

It  has  been  before  said  that  this  designatioii  is  adopted  as  a  con- 
venient one  only,  and  for  the  same  reason  I  would  extend  it  The  word 
"  trap"  has  often  been  considered  to  be  strictly  applicable  only  to  hom- 
blendic  or  augitic  rocks  *  It  is  derived  from  the  Swedish  trappa,  a 
stair,  from  the  terraced  or  step-like  outline  which  the  rocks  present  when 
they  occur  in  considerable  mass.  The  term,  however,  has  often  been  used 
vaguely  to  designate  any  igneous  rocks  which  could  not  be  said  to  be 
distinctly  granitic  on  the  one  hand,  or  absolutely  volcanic  on  the  other. 
In  this  vague  and  general  sense  I  shall  here  use  it,  its  very  vagueness 
being  its  recommendation.  Maculloch,  indeed,  says  that  the  word  is  a 
"  cloak  for  ignorance,  which  saves  the  trouble  of  investigation  f  but  in 
many  cases  it  is  obvious  that  to  the  field  geologist  the  investigation  is 
not  possible.  When  he  meets  with  six  or  eight  varieties  of  rock  in  a 
single  momingfs  work,  sometimes  forming  part  of  the  same  continuous 
mass,  he  wants  a  name  which  shall  express  the  characters  they  have  in 
common,  rather  than  their  differences.  The  minute  distinctions  used 
to  arrange  specimens  in  cabinets  and  museums  would  often  confuse  and 
mislead  the  geologist,  whose  object  is  to  discover,  first  of  all,  the  time 
and  mode  of  formation  of  the  great  rock-masses  which  he  meets  with. 

As  the  volcanic  rocks  are  divisible  into  two  groups,  the  felspathic 
and  the  pyroxenic,  so  we  may  conveniently  divide  trappean  rocks  into 
two  simUar  beads,  felspathic  and  homblendic.  The  former  will  com- 
prise the  siliceous  traps,  as  Trachjrte  does  the  siliceous  lavas,  and  Green- 
stone the  more  basic  traps,  as  Dolerite  includes  all  the  more  basic  lavas. 
The  blow-pipe  comes  here  into  play  as  a  good  practical  means  of  dis- 
tinguishing between  the  varieties  of  trap,  as  the  more  readily  fusible 
varieties  will  almost  certainly  belong  to  the  basic  class  rather  than  the 
siliceous. 

CL  OryvtaUine. 

1.  Felbpathio  Traps. 

Under  this  division  are  included  two  groups  of  rock  consisting 

*  Mr.  Q«ikie  In  1860  proposed  to  ose  the  word  trap  as  a  general  term  to  include  all  the 
igneous  rocks  of  Scotiand  which  do  not  fall  within  the  limits  of  the  granite  family,  ex- 
cluding; bowerer,  such  rocks  as  the  hypersihene  of  Skye,  which  he  regarded  as  probably 
metamorphic  (Traiu.  Soy.  Soc.  Edin.  xziL  633).  He  thus  included  all  the  truly  volcanic 
rocks,  as  well  as  many  which  are  not  found  associated  with  undoubtedly  volcanic  pheno> 
mena.  He  is  now  inclined,  however,  to  discard  the  term  altogether,  or  at  least  to  use  it 
only  as  a  convenient  synonym  for  rocks  of  volcanic  origin,  ftom  which  craters  and  all 
trace  of  recent  volcanic  action  have  been  removed.  The  volcanic  rocks  of  the  palsozoic, 
mesoxoic,  and  older  tertiary  formations  would  thus  be  termed  trappean.  8ome  rocks  would 
consequently  come  into  both  the  Volcanic  and  Trappean  divisions  of  the  text  Dolerite,  for 
instance,  occurs  both  among  the  tertiary  volcanic  rocks,  and,  according  to  Mr.  Oeikie,  among 
the  older  (or  trappean)  volcanic  rocks  of  Scotland.    See  pottf  Melaphyre,  and  Chap.  ZIII. 
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essentially  of  felspar,  but  distinguislied  from  each  other  by  the  nature 
of  the  component  variety  of  that  mineraL  In  one  groap  are  classed  all 
those  rocks  which  consist  of  orthoclase,  and  contain  also  an  excess  of 
free  silica.  This  is  the  acidic  group,  and  may  be  comprised  xmder  the 
general  term  FeUtone,  In  the  other  group  the  rocks  consist  essentially 
of  one  or  more  of  the  more  basic  felspars.  This  is  the  basic  group  of 
the  felspathic  traps,  and  has  received  the  name  Porphyrite. 

Felstone  is  a  name  taken  from  the  German  Felstetiif  and  proposed  by  Pro- 
fessor Sedg¥rick  to  designate  a  class  of  igneous  rocks  to  which  many  titles  have 
been  given,  but  which  have  not,  till  latel  j,  been  properly  examined  and  described. 
Compact  felspar,  Petrosilex,  Felsite,  and  Comean,  are  among  these  names,  as  well  as 
the  Homstone  of  some  geologists,  though  that  name  has  also  been  applied  to  chert, 
and  to  altered  clay  rocks.  The  Germans  describe  this  rock  under  the  head  of 
Porphyry  or  Felsite  Porphyry,  thus  assuming  an  accidental  variety  of  structure  as 
an  essential  character.*  Any  one  who  had  mapped  whole  mountains  and  great 
districts  of  it,  as  the  officers  of  the  Greological  Survey  have  done  in  Wales  and  Ire- 
land, would  have  felt  the  necessity  of  having  a  name  to  distinguish  the  rock  itself, 
whether  it  was  compact,  as  it  usually  occurs  there,  or  crystalline,  or  porphyritic 

Felstone  is  a  compact,  smooth,  hard,  flinty-looking  rock.  It  is  composed  of 
an  intimate  mixture  of  orthoclase  and  quartz.  It  has  two  principal  varieties  ;  Xhe 
pale  green  passing  into  a  greenish  or  yellovrish  white,  and  the  blue  or  grey  varying 
from  pale  to  dark  grey.  Both  varieties  weather  white,  the  external  margin  being 
white  sometimes  to  the  depth  of  a  line,  sometimes  to  that  of  an  inch  or  two.  Some 
blocks  that  appear  wholly  white  have  a  small  blue  patch  in  the  centre,  and  the 
weathered  part,  especially  that  of  thegreen  variety,  often  exhibits ferrugineous  stains, 
or  even  becomes  wholly  brown  or  rusty-looking.  The  green  or  greenish-white 
variety  is  often  very  translucent  at  the  edges ;  the  grey  is  commonly  opaque.  The 
fracture  is  generally  smooth  and  straight,  seldom  conchoidal,  but  in  some  of  the 
blue  or  grey  varieties  it  is  rough  and  splintery.  It  often  splits  into  small  slabs, 
and  sometimes,  especially  the  green  kinds,  into  laminee.  The  fragments  sometimes 
ring  with  a  metallic  sound  like  clinkstone,  and  many  so-called  clinkstones  (such  as 
those  of  the  Roche  Sanadoire  and  Tuilliere  in  th6  Mont  Dor  district,  and  those  of 
the  Velay)  are  very  similar  in  external  characters  to  many  of  the  felstones  of  Wales 
and  Ireland. 

Durocher,  xmder  the  name  of  Petrosilex,  gives  the  following  composition  of 
Felstone : — 


Silica 

Alumina 

Potash 

Soda 

Lime 

Magnesia 

Oxides  of  iron  and  manganese 

Loss  by  ignition 


Ifaximum. 

80 

18 
6 
6 
2 

2-5 
4-6 
8-6 


Ifinimqin. 

68 
11 

2 

0 

0 

0 

0-6 

0 


Mean. 
75-4 
16-0 
8  1 
1-3 
0-8 
11 
2-8 
1*0 

100-0 


Specific  gravity,  maximum  2*68,  minimum  2*58,  mean  2*64. 

*  Borne  Oerman  petrographers  give  a  distinct  heading  to  **  Felstone,  Felsite-rock  and 
Felsite-schist,  Petrosilex,  Bnrito,  H&Ueflinta."  It  would  appear,  however,  that  the  Hille- 
flinta  of  Scandinavia  and  Felsite-schist  are  interstratifled  with  Qneiss,  and  are  therefore 
metamorphic  rocks.    Bee  Cotta's  Rocks,  p.  220,  English  edition. 
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In  many  Felstones,  both  in  North  Wales  and  South  Ireland,  lines  and  striie  of 
sligfatlj  different  colours,  resembling  lines  of  lamination  or  deposition,  can  be  traced 
through  the  mass  of  the  rock,  sometimes  straight,  sometimes  more  or  less  wavy 
and  tortuous,  like  the  yariously-hued  lines  and  bands  in  a  slag  fh)m  an  iron  furnace, 
and  resulting,  probably,  like  tJbem,  from  the  motion  of  the  mass  when  in  a  pasty 
condition.* 

In  the  most  smooth  and  compact  varieties,  the  lens  will  often  disclose  small 
shining  facets  of  crystals  of  felspar,  and  these  sometimes  become  larger  and  more 
numerous  till  we  reach  the  completely  granular  and  crystalline  felstones.  Small 
cTjTstals  or  crystalline  portions  of  quartz  also  are  occasionally  present  in  most 
varieties.  In  some  felstones  there  are  small  globules  of  glassy  quartz,  looking  like 
little  rolled  pebbles,  leaving  round  cavities  in  the  rock  when  they  are  detached. 
I  believe  these  to  be  crystalline  blebs  of  quartz  formed  during  the  consolidation  of 
the  rock.  Sometimes  the  rock  becomes  nodular  and  concretionary,  the  nodules 
rarying  in  size  from  that  of  a  pea  to  that  of  a  man's  fist,  either  scattered  in  a  com- 
pact or  powdery  base,  or  touching  each  other  and  making  up  almost  the  whole 
mass  of  the  rock.  The  substance  of  these  nodules  is  sometimes  the  same  as  that 
of  the  base,  but  in  some  instances  they  are  hollow,  and  contain  crystals  of  quartz 
and  other  minerals,  and  also  a  soft,  dark  green  earth.  In  this  respect  it  seems  to 
resemble  the  rock  previously  described  as  pearlstone,  though  it  never  has  any 
pearly  or  other  lustre. 

The  Rev.  Professor  Haughton  has  published  f  the  following  analyses  of  fel- 
stones, and  shown  by  discussing  the  atomic  proportions  of  their  constituents  that 
they  may  certainly  be  looked  upon  as  mixtures  of  orthoclase  and  quartz,  a  con- 
clusion which  had  previously  been  rather  a  suspicion  than  an  ascertained  fact.  I 
have  added  the  proportions  of  the  two  minerals  at  the  foot,  so  as  to  comprise  the 
whole  in  one  table  : — 


A 

B 

C 

D 

B 

Means. 

Silica 

81-36 

78-40 

77*20 

71-52 

74-88 

76-67 

Alumina  . 

7-86 

11-82 

6-64 

12-24 

12-00 

9-99 

Peroxide  of  iron    . 

3-82 

0-92 

5-82 

316 

3-50 

3-37 

Potash 

3-09 

4-83 

3-69 

5-65 

4-77 

4-40 

Soda 

2-63 

3-09 

303 

3-36 

2-49 

2-92 

Lime 

0-99 

0-45 

1-81 

0-84 

0-34 

0-88 

Magnesia . 

0-45 

0-48 

0*60 

0-39 

1-28 

0-64 

Protoxide  of  iron  . 

•  •  • 

•  • 

•  •  • 

•  •  • 

0-20 

0-04 

Loss  by  Ignition   . 

■  •  • 

0-56 

112 

1-20 

1-20 

0-81 

Totals 

99-70 

100-05 

99-81 

98-36 

100-66 

99.72 

Quartz 

45-54 

37-17 

40-81 

20-51 

26-46 

34-09 

Felspar     . 

6416 

62-32 

66-07 

76-65 

7300 

64-44 

TOTAU 

99-70 

99-49 

96-88 

97-16 

99-46 

98-63 

*  See  flgnres  of  some  of  the  forms  assumed  by  these  lines  in  the  felstones  of  Snowdon, 
drawn  and  described  by  Prof.  Ramsay  in  the  3d  voL  of  the  Mems.  </  the  GtoL  Survey, 
p.  123. 

t  In  a  paper  On  the  Lower  PalsBoxoic  Rocks  of  the  Sonth-East  of  Ireland,  by  Professor 
Haughton,  and  J.  Beete  Jukes.    Trans.  R.  I.  Aoouiemy,  vol.  xxilL 

A  was  from  Ballymnitagh  In  the  Vale  of  Avoca,  county  Wlcklow,  from  a  depth  of  two 
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If  we  compare  these  analyses  of  Felstone  with  those  previously  given  of 
Trachyte,  we  shall  perceive  their  general  resemblance.  We  may  certainly  say 
that  some  of  the  more  highly  silicated  Trachytes  would  include  some  of  the 
less  highly  sUicated  Felstones.  There  appears  to  be,  therefore,  no  essential 
difference  in  composition  between  such  varieties  of  Trachyte  and  some  of  the  Fel- 
stones. 

The  most  usual  form  of  Felstone  is  one  which  is  perfectly  compact,  sometimes 
as  much  so  as  porcelain.  When  the  quartz  is  distinctly  segregated  into  grains 
or  crystals,  the  rock  is  called  a  quartziferous  porphyry  {qwjMti^'ihTeBder  porj^frj 
porphyre  quareifhre.)  When  in  a  ground-mass  or  base  of  compact  Felstone 
distinct  crystals  of  felspar  lie  scatt^i^ed  about,  the  rock  then  b^mes  a  por- 
phyritic  Felstone,  or  Felstone  porphyry.  It  not  unfrequently  happens  that  the 
scattered  crystals  of  felspar  are  of  a  different  colour  from  the  base,  and  the  rock 
may  then  be  used  as  an  ornamental  marble,  and  is  often  spoken  of  simply  as 
Porphyry.* 

Blvan  or  mvanite. — Elvan  is  a  Cornish  term  for  a  crystalline  granular 
mixture  of  quartz  and  orthoclase,  forming  veins  that  are  either  seen  to  proceed 
from  granite  or  occur  in  its  neighbourhood,  and  may  thus  be  readily  supposed  to 
proceed  from  it.     It  is  thus  intimately  related  to  the  granites. 

It  has  three  varieties : — (a.)  An  equably  crystalline  mixture  of  quartz  and  fd- 
spar,  generally  fine  grained.  This  may  either  be  considered  as  a  granite  destitute 
of  mica,  or  as  a  granular  felstone.  (6.)  A  compact  felstone  base  with  dispersed 
crystals,  or  crystalline  particles  of  quartz,  sometimes  angular,  sometimes  rounded. 
This  may  be  considered  as  a  qaartziferous  felstone  porphyry,  (c.)  A  crystalline 
granular  base  of  quartz  and  felspar,  with  dispersed  crystals  of  either  quartz  or 
felspar. 

The  felspathic  portion  of  these  rocks  is  often  earthy,  probably  from  decom- 
position. 

Minette  consists  of  a  felsitic  base  in  which  crystals  of  orthoclase  and  dark 
mica  are  scattered.  It  is  thus  a  micaceous  felstone,  and  bears  the  same  relation 
to  the  acidic  felspar-rocks  (felstones)  that  mica-x>orphyrite  does  to  the  more  basic 
forms  (porphyrites). 

Pitchatone  or  Betinite  is  a  compact  glassy  rock,  somewhat  like  solid  pitch 
in  texture,  whence  its  name.  It  varies  in  colour  from  velvet-black,  through  various 
shades  of  dirty  green  and  yellow,  to  sometimes  nearly  white.  It  has  a  splintery 
fhicture ;  is  sometimes  porphyritic  but  not  amygdaloidal.  It  very  commonly 
occurs  in  the  form  of  dykes  or  intrusive  masses.  The  remarkable  pitchatone- 
porphyry  of  the  island  of  Eigg,  in  the  inner  Hebrides,  is,  according  to  recent  re> 

or  three  feet  in  the  rock,  obtained  by  blasting,  natural  colour  pale  greyiah-green, 
weathering  white. 

B  From  Carrickbum,  county  Wexford,  pale  greyish-green,  weathers  quite  white,  be- 
comes in  places  nodular  concretionaiy,  having  balls  from  one  to  three  inchea  In 
diameter. 

C  Bonmahon,  county  Waterford,  pale  greenish-grey,  stratified  in  some  places,  in  others 
columnar,  translucent  on  edges. 

D  Benannmore,  near  KiUamey,  columnar,  greenish-grey,  compact  with  facets  of  felspar 
and  globular  specks  of  quartz. 

£  The  rock  called  Pits  Head,  between  Beddgelert  and  Caernarvon,  North  Wales,  pale 
green,  semi-translucent,  with  facets  of  felspar. 

D  is  embedded  in  rocks  of  Old  Bed  Sandstone,  surrounded  with  great  beds  of  "  ash**  of 
the  same  composition  as  itself.  The  others  are  all  included  in  Lower  or  Cambro- 
Bilurian  rocks,  generally  associated  with  similar  "  ashes,"  or  "  felstone  tulb.** 

*  The  literal  meaning  of  the  word  "  porphyry  "  is  purple,  because  the  earliest  used  stones 
of  this  description  had  their  prevailing  hue  of  a  deep  red. 
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searches  by  Mr.  Geikie,  the  lemaining  fragment  of  a  c(mlSe  which  filled  up  a  river 
channel  daring  the  tertiary  period.* 

Durocher  gives  the  following  analysis  : — 


Pftchstone  contains           Msziinam. 

Hinimonu 

Mean. 

Silica  ...            74-0 

620 

70-6 

Alumina          .            .            17*0 

11-0 

160 

Potash             .            .              6-0 

0-0 

1-6 

Soda    ...              80 

1-5 

2-4 

Lime  .            .             .              1*5 

1-0 

1-2 

Magnesia         .            .              20 

0-0 

0-6 

Oxides  of  iron  and  manganese    4*0 

1-0 

2-6 

Loss  by  ignition           .             8*5 

00 

60 

100-0 
Specific  gravity,  maximum  2*36,  minimum  2*81,  mean  2*34. 

Clinkstone  or  Fhonolite  is  sometimes  spoken  of  as  a  trappean  rock.  Many 
of  the  rocks  so  described  might  not  come  within  the  definition  of  clinkstone  given 
before,  and  may  be  only  platy,  flaggy,  and  laminated  varieties  of  felstone.  In 
some  ports  of  North  Wales  and  of  South-East  Ireland  great  masses  of  felstone, 
several  hundred  feet  thick,  interstratified  with  the  clay-slates,  are,  like  them,  split 
into  slates  by  a  true  transverse  slaty  cleavage,  and  are  then  und istingn ishable  by  any 
exUmal  character  from  slaty  phonolites. 

Forphyrite- — Under  this  term  may  be  included  those  trappean  rocks  which 
consist  of  a  base  of  plagioclase  felspar  (oligoclase),  usually  with  crystals  of  the  same 
mineral  scattered  through  the  base,  and  with  a  variable  admixture  of  hornblende, 
mica,  sometimes  augite,  and  very  rarely  quartz.  Porphyrite  varies  in  colour,  from 
pale  grey  or  white  through  numerous  shades  of  red,  lUac,  and  purple,  to  dark-brown 
or  even  black.  The  dark  tints  are  most  frequent.  The  texture  is  commonly  very 
close-grained,  usually  more  or  less  porphyritic,  and  frequently  amygdaloidal. 
Owing  to  weathering,  masses  of  porphyrite  have  often  a  crumbling  exterior,  and 
only  yield  a  fresh  fracture  at  some  distance  frx)m  the  surface.  Streng  gives  the 
following  analysis  of  a  porphyrite  from  near  Ilfeld :  t 


Alumina 

•  ■                                      4 

•  •                                          4 

16-27 

Oxide  of  iron  and 

manganese  . 

7-66 

Lime  . 

•            •           1 

1-38 

Magnesia 

•           •            1 

2-71 

Potash 

•            •            < 

4-04 

Soda  . 

•            •            « 

2-56 

Loss  by  ignition 

•                            .                           a 

8-45 

Carbonic  add  . 

•                            • 

1-04 

Specific  gravity,  2*66. 


100-97 


23rke1  divides  porphyrite  into  three  groups  :  Ist,  FeUparforphyrite  or  oligo- 
dase-porphyritey  consisting  wholly  or  almost  wholly  of  fel^>ar.  2d,  HomhUTuU- 
porphyrite,  where  crystals  of  hornblende  become  conspicuous.  8d,  Mica^parphyrite, 
containing  plates  of  mica.  The  same  author  remarks  that  the  chief  eruptions  of 
porjAyrite  appear  to  have  taken  place  between  the  period  of  the  Devonian  and 


*  Bee  his  Scenery  c/ScoOamd,  p.  27& 
f  ZeiUckr,  DtiUeek,  GeoL  GmU.  x.  (1858X  118. 
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Zechstein  formations.  *  In  Great  Britain,  however,  the  Devonian  period  was 
peculiarly  rich  in  porphyrite-eruptions.  The  broad  central  valley  of  Scotland  is 
traversed  by  long  ranges  of  hills  which  are  made  up  of  the  porphyrites,  tuffs,  and 
conglomerates  of  the  Lower  Old  Red  Sandstone, — for  example,  the  Ochil,  Sidlaw, 
Pentland,  and  Upper  Nithsdale  Hills.  In  the  same  region  several  hundred  square 
mUes  are  covered  by  terraced  hills  of  porphyrite  erupted  during  the  earlier  part  of 
the  carboniferous  period.  It  is  possible  that  some  of  the  igneous  rocks  of  tiie 
Lower  Silurian  series  in  Wales  are  referable  to  porphyrite.  Rocks  which  appear  to 
range  between  porphyrite  and  melaphyre  occur  in  various  parts  of  the  carbon- 
iferous limestone  districts  of  Ireland. 

Kersanton  is  a  form  of  mica-porphyrite,  having  a  greenish  or  grey  base,  in 
which  occur  hexagonal  plates  of  mica,  and  with  the  felspar  (oligoclase)  sometimes 
in  distinct  crystals. 

KeraatUite  is  also  a  variety  of  mica-porphyrite,  in  which  a  little  hornblende 
occurs,  and  which  is  often  marked  by  a  fissile  or  a  porphyritic  texture,  f 

2.  Greenstones  or  Hornblendio  Traps. 

Oreenstone  is  an  old  name  for  a  numerous  and  important  class  of 
'h'appean  rocks,  which  consist  essentially  of  a  crystalline  mixture  of  some 
plagioclase  felspar  with  hornblende  or  augite.  Such  rocks  abound 
among  the  palaeozoic  and  older  secondary  formations.  In  most  cases 
they  are  probably  igneous  rocks  in  the  true  sense  of  the  word,  and  some- 
times indeed  of  volcanic  origin.  But  sometimes  they  are  so  associated 
with  metamorphic  products  that  they  appear  to  be  also  due  to  meta- 
morphism. 

The  felspar  of  greenstones  is  commonly  oligoclase,  but  labradorite,  anorthite, 
or  some  more  basic  variety  than  oligoclase,  sometimes  occurs.  In  some  of  the  rocks 
which  come  under  this  head,  augite  or  hypersthene,  or  some  similar  mineral,  is 
substituted  for  hornblende.  Mica,  of  a  dark  brown  colour,  sometimes  occurs  (as 
in  some  of  the  Wicklow  greenstones)  either  in  distinct  plates,  or  as  coating  the 
surfaces  of  small  crevices  or  those  of  the  other  crystals. 

M.  Delesse  says  that  many  rocks  hitherto  classed  as  greenstone  contain  no 
hornblende,  their  green  colour  being  the  result  of  the  greenness  of  some  of  the 
felspar  composing  thenu  B.  Von  Cotta  remarks  that  their  green  colour  is  often 
due  to  the  presence  of  chlorite  in  small  quantity  and  indistinct  condition. 

Greenstone,  like  feUtone,  becomes  sometimes  porphyritic,  in  consequence  of 
one  or  other  of  its  constituents  forming  distinct  crystals  in  a  compact  mixture  of 
the  rest,  or  larger  disseminated  crystals^  in  a  fine-grained  crystalline  base.  When 
the  greenstone  is  quite  compact  and  dark  coloured,  it  is  not,  perhaps,  always  easy 
to  distinguish  it  from  basalt  by  any  external  characters.  On  breaking  open  the 
weathered  part  of  a  greenstone  and  testing  it  with  acid,  it  almost  invariably  efler- 
vesces  along  the  inner  border  of  the  weathered  portion.  Many  greenstones,  also, 
even  when  apparently  unweathered,  effervesce  with  acids  along  the  minute  cracks 
and  pores  in  the  mass. 

Biorite  consists  of  a  mixture  of  felspar  (believed  to  be  usually  oligoclase)  and 
hornblende,  varying  in  texture  from  a  fine-grained  compact  rock,  in  which  the 
crystalline  state  of  the  minerals  is  barely  discernible  with  a  lens,  to  a  coarsely 
crystalline  aggregate.     Its  colour  is  generally  a  dull  green,  varying  from  light  to 

*  Pttrographit,  Bd.  IL  p.  84. 

t  See  a  paper  and  analjrsea  of  some  micaceous  trap-rocks  Arom  Wicklo  w  by  Dr.  Haugliton. 
Tran*.  R.  I.  Acad.  zxUL  p.  019. 
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dark  green,  sometimes  almost  black.  In  some  varieties,  on  the  other  hand,  where 
the  felajwr  is  very  white  and  in  great  quantity,  the  rock  might  be  described  as 
white  speckled  with  dark  green  spots.  It  weathers  to  a  dull  dark-coloured  brown, 
the  weiUhered  blocks  being  generally  massive  and  well  rounded,  and  in  our  lati- 
tudes covered  with  patches  of  white  lichen. 

Durocher  gives  the  following  as  the  composition  of  Diorite : — 


Maximum. 

Minlmnm. 

Mean. 

Silica    . 

60 

48 

58-2 

Alumina 

20 

18 

16  0 

Potash  . 

2 

0-5 

1-8 

Soda     . 

8 

1 

2-2 

Lime    . 

9 

8 

6*8 

Magnesia 

10 

2 

6-0 

Oxides  of  iron  and< 

manganese    20 

10 

140 

Loss  by  ignition 

2 

0 

10 

100-0 
Spedflc  gravity,  maximum  8*20,  minimum  2*80,  mean  2*95. 

In  some  varieties  of  Diorite,  described  by  Continental  petrographers,  free  quartz 
occurs,  and  these  are  paralleled  with  the  quartadferous  porphyries  among  the  ortho- 
clase  rocks.  Other  varieties  are  distinguished  by  abundance  of  mica  {micaeeoui 
diorUe$)  or  of  hornblende.  The  orbicular  diorite  of  Corsica  (NapoleorUtej  Corsite 
or  Coniean  ChrmUU)  is  a  granular  compound  of  anorthite,  hornblende,  and  a  little 
quartz,  having  a  spheroidal  texture,  which  gives  the  rock  the  appearance  of  being 
built  of  an  aggregate  of  well-rounded  balls. 

Diallace-Book  {Euphotide,  Oabbro,  SerpenHnUej  Norite,  Cfrafdtone),  a  coarse 
or  fine  grained  rock,  generally  of  a  palish  green,  or  grey,  but  sometimes  olive  or 
greenish-brown  colour,  with  sometimes  a  granitic,  sometimes  a  porphyritic  look. 
It  is  composed  of  labradorite  and  diallage.  The  labradorite  is  sometimes  of  the 
variety  called  saussurite,  and  the  diallage  of  the  variety  called  smaragdite,  differ- 
ences which  aflfect  only  tiie  lustre  or  colour  of  the  rock. 

Diallage-rock  occurs  in  different  parts  of  Britain  associated  with  metamorphic 
rocks,  as  along  the  south  coast  of  Ayrshire^  and  is  probably,  at  least  in  some  cases, 
itself  metamorphic. 


Maximum. 

Minimum. 

Mean 

SiUca 

54 

45 

49*0 

Alumina  . 

17 

12 

16*0 

Potash      . 

1 

0 

0*8 

Soda 

4 

0*5 

2*5 

Lime 

14 

6 

9*6 

Magnesia  . 

15 

7 

9*7 

Oxides  of  iron  and  mangan 

ese        14 

8 

11*6 

Loss  by  ignition    . 

6 

1 

2-6 

1000 
Specific  gravity,  maximum  8*10,  minimum  2*85,  mean  2*95. 

Hyparstliane-Book  (Eypersthenite,  Hyperite)  is  a  mixture  of  labradorite  and 
hypersthene,  sometimes  fine  grained,  sometimes  excessively  coarse,  as  in  St. 
George's  Bay,  Newfoundland,  where  I  have  myself  seen  the  rock ;  and  where  it 
oonststs  of  the  two  minerals  in  crystals  as  large  as  the  fist.  The  hypersthene  is 
dark  brown,  inclining  to  black,  and  the  labn^orite  is  green,  with  glancing  shades 

I 
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of  blue  and  red.    When  fine  grained,  the  rock  reeemUee  Diabase  or  AphamUe  of  a 
dark  brownish-green,  or  a  pale  green,  according  to  circumstances. 


Hypenthene-rock  contains      Maximom. 

Mlnhnnm. 

HMlt 

Silica        ...            55 

48 

51-8 

Alumina   ...            16 

12 

14-5 

Potash      ...              1 

0 

0-2 

Soda         ...              8 

1 

2-0 

Lime         ...              9 

5 

7-6 

Magnesia  .            .            .            li 

6 

9-8 

Oxides  of  iron  and  manganese        19 

8 

14-0 

Loss  by  ignition    .            .              1 

0 

0-6 

100-0 
Specific  gravity,  maximum,  8'10,  minimum  2*85,  mean,  2*95. 

Hypenthene-rock  is  frequently  associated  with  metamorphic  rocks  in  such  a 
way  as  to  suggest  that  in  these  cases,  as  with  diorite  and  diallage-rock,  it  may  itself 
have  a  metamorphic  origin.* 

Melaphyre.— This  name  has  been  applied  by  Continental  petrographers  to  so 
many  different  rocks  that  it  has  become  a  source  of  confusion,  and  its  use  in  this 
country  would  require  to  be  qualified  with  the  name  of  the  author  whose  definition 
might  be  employed.  Senft's  description  of  the  rock  is  the  following : — ^An  indis- 
tinctly mixed  rock,  of  dirty  greenish-brown,  or  reddish-grey,  or  greenish  black- 
brown,  passing  to  a  completely  black  colour,  hard  and  tough  in  the  fresh  state — 
in  which  appear  crystals  of  reddish-grey  labradorite,  with  magnetic  titaniferous 
iron,  and  commonly  with  some  carbonate  of  lime,  carbonate  o^  iron,  and  feira- 
ginous  chlorite  (delessite),  sometimes  in  crystalline  grains,  sometimes  compact  or 
earthy,  sometimes  porphyritic  or  amygdaloidaL  According  to  Naumann,  it  is  a 
close-grained  rock,  very  often  amygdaloidal,  and  composed  essentially  c^  labra- 
dorite, with  an  undetermined  silicate,  some  titaniferous  iron,  carbonate  of  lime 
and  of  iron,  also  occasionally  crystals  of  augite,  rubellan,  and  mica.f  Zirkel's 
definition  is  a  usually  crypto-crystalline,  sometimes  porphyritic,  and  also  very 
often  amygdaloidal  rock,  consisting  of  a  mixture  of  oligoclase  and  augite  with 
magnetic  iron.:}:  According  to  Durocher,  the  composition  of  melaphyre  is  found  by 
analysis  to  be  the  following : — 


Mazimmn. 

MInitnnm, 

Mean. 

SUica    .            .            .            . 

55 

49 

52-2 

Alumina 

25 

18 

21-6 

Potash  .            .            .            . 

8 

0 

1-5 

Soda     .            .            .            . 

6 

2 

4-0 

Lime    .            .            .            , 

8 

4 

6-2 

Magnesia 

5 

8 

40 

Oxides  of  iron  and  manganese 

12 

5 

90 

Loss  by  ignition 

8 

1 

1-5 

100-0 
specific  gravity,  maximum  2*95,  minimum  2-75,  mean  2'85. 

It  is  probable  that  many  of  the  dark  compact  heavy  rocks  of  igneous  origin, 
which  occur  among  the  later  palseozoic  rocks  of  Britain,  come  under  one  or  oUier 
of  the  definitions  of  melaphyre.  Such  rocks  are  found  in  the  carboniferous  forma- 
tions of  Scotland  and  Ireland,  and  they  seem  to  occur  also  among  the  so-called 
New  Red  Sandstone  of  Devonshire.     If  we  take  the  composition  of  melaphyre  to 

*  See  Tratu.  Boy.  Soe.  Etiin,  voL  xxiL  p.  83S,  note, 
t  Lehrlmch,  1.  687.  J  Lehrbuch  <Ur  Petrogrnphie,  11.  89. 


DUBA3E. 


115 


be  essentially  a  mixtnre  of  labradorite  and  augite  (or  an  allied  silicate),  with 
titaniferoos  or  magnetic  iron,  there  is  no  radical  mineralogical  diiference  between 
such  a  rock  and  dolerite.  Indeed,  there  seems  now  to  be  a  growing  tendency 
among  petrographers  to  retain  the  name  melaphyre  as  a  geological  term  for  all 
doleritic  rocks  of  paleozoic  age.  The  utility,  however,  of  introducing  strati* 
graphical  distinctions  into  the  naming  of  rocks  which  do  not  differ  petrographio- 
ally  may  be  questioned.  It  is  natural  that  a  rock  erupted  in  palaeozoic  times 
should  have  undergone,  from  infiltration  or  otherwise,  more  internal  change  than  a 
similar  rock  of  tertiary  age ;  but  it  may  be  doubted  whether  this  change  (unless 
where  carried  to  an  extreme)  necessitates  a  difference  of  name. 

BiAbase.—This  name  is  given  by  German  petrographers  to  a  crystalline* 
granular  mixture  of  labradorite  (or  oligoclase)  and  augite  (or  hypersthene),  with 
chlorite,  and  sometimes  with  an  impregnation  of  carbonate  of  lime.  Bocks  of  this 
character  occur  through  the  Silurian,  Devonian,  and  Carboniferous  systems  of 
Germany.  *  A  coarse-grained  diabase  from  near  Christiania,  analysed  by  Kjerulf,f 
gave  the  following  composition : — 


Silica 

60-U 

Alumina 

16-48 

Protoxyde  of  Iron 

12-79 

Lime 

6-49 

Magnesia 

4*36 

Potash 

1-64 

Soda 

4-56 

Water 

2-40 

Carbonic  acid 

0-86 

Specific  gravity,  2*7  to  2*9. 
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The  chloritic  ingredient  in  diabase,  as  well  as  the  occurrence  of  carbonate  of 
lime,  probably  indicates  that  the  rock  has  undergone  more  or  less  alteration.  The 
mere  occurrence  of  chlorite  therefore  seems  hardly  to  justify  the  retention  of  a  special 
name  for  rocks  which  do  not  differ  essentially  from  many  so-called  melaphyres. 

Apbjuiite  is  a  name  given  to  the  more  compact  close-grained  varieties  of 
greenstone.  By  some  authors  it  is  restricted  to  the  dioritic  rocks,  by  others  it  is 
extended  also  to  the  compact  diabases.  Where  the  texture  of  the  rock  is  so  fine 
that  the  use  of  a  lens  does  not  enable  us  to  determine  the  component  minerals,  it  is 
difficult  to  distinguish  between  the  close-grained  extremes  of  diorite  and  of  diabase. 
In  such  cases  the  term  aphanite  may  be  used  as  a  provisional  name  until  the  true 
composition  of  the  rock  is  ascertained.  Some  varieties  of  aphanite  contain  abundant 
grains  of  carbonate  of  lime,  or  carbonate  of  magnesia  {Caleapfianite),  in  others  the 
grains  pass  into  larger  kernels  composed  of  felspar  or  of  pistacite  ( VarioUte).  It 
is  jirolmble  that  many  of  such  varieties  should  be  classed  with  the  tuffs. 

'Wa<dce.— This  name  is  given  by  German  petrographers  to  decomposed  forms 
of  basic  igneous  rocks,  usually  to  members  of  the  doleritic  group.  Basalt  and 
dolerite  tend  to  weather  into  a  dull  yellowish  or  brownish  mass,  which  varies  from 
a  compact  texture,  giving  a  shining  streak,  down  to  mere  loose  earth. 

p.  Fragmental. 

As  the  Yolcanic  rocks  consist  partly  of  materials  ejected  as  d^st, 
saod,  and  stones,  subsequently  more  or  less  consolidated,  so  the  trap- 
pean  rocks,  many  of  which  are  merely  yolcanic  rocks  of  older  geological 

*  Benft,  CUu$ification  der  PelaarUny  Tabel  I.  t  Chrittiania-SUurbeeken,  29  (1855). 


116  GEOGNOSY. 

date,  have  likewise  sucli  mechanically-formed  masses  in  tlieir  seriea. 
The  Fragmental  Trappean  Bocks  are  those  which  have  resulted  from  the 
deposition  and  consolidation  of  ancient  volcanic  detritus.  This  detritus 
has  evidently  in  many  cases  heen  ejected  in  the  form  of  dust  and  gravel, 
with  large  hlocks  or  bombs,  just  as  similar  materials  are  still  vomited 
by  modem  volcanoes.  Falling  into  water,  and  there  re-airanged,  the 
detritus  has  been  consolidated  into  beds  of  rock,  which  vary  in  thick- 
ness from  less  than  an  inch  up  to  several  hundred  feet.  In  other  cases 
it  is  probable  that  the  detritus  has  been  derived  from  the  gradual 
degradation  (by  atmospheric  and  aqueous  agencies)  of  previously- 
formed  crystalline  trappean  rocks.  It  is  sometimes  difficult  or  impos- 
sible to  distioguish  between  these  two  modes  of  formation.  Where  we 
find  a  bed  or  series  of  beds  composed  of  finely-comminuted  trappean 
materials,  with  here  and  there  a  rounded  bomb  of  some  trap  rock,  or  a 
large  angular  block  of  trap  or  of  sandstone,  shale,  slate,  limestone,  or  other 
stratified  rock,  we  may  with  considerable  certainty  affirm  that  we  have 
before  us  a  deposit  of  ancient  volcanic  ash  and  stones.  Where,  on  the 
other  hand,  we  meet  vdth  a  rock  composed  of  finely-triturated  trappean 
detritus,  but  with  numerous  well-rounded  and  evidently  water-worn, 
stones,  we  may  conclude  that  in  such  a  mass  we  see  a  deposit  resulting 
from  the  waste  of  pre-existing  trappean  rocks,  after  the  manner  in  which, 
sandstones,  shales,  and  conglomerates  are  formed. 

The  Fragmental  Trappean  Rocks  are  divided  into  the  following 
groups  : — ^Tuff  or  Trap-tuff,  Trappean  Breccia  and  Conglomerate,  Trap- 
pean Agglomerate. 

Tuff,  TrKP'tolL* — Under  this  term  are  comprehended  all  the  finer^rained 
varieties.  These  range  in  texture  from  a  very  close  grain,  resembling  that  of  some 
of  the  more  compact  crystalline  trap-rocks,  up  to  Ihat  of  a  coarse  gravel.  The 
coarser  varieties,  when  their  component  detritus  is  angular,  pass  into  trappean- 
breccia ;  vhen  it  is  rounded,  into  trappean-conglomerate.  Trap-tuff  is  usually 
well  stratified ;  where  it  is  not  so,  hut  consists  of  a  tumultuously-assorted  mass  of 
volcanic  detritus,  it  passes  into  trappean-agglomerate. 

Trap-tuff  is  subdivided  according  to  the  nature  of  the  rock  of  which  Its  base 
or  its  component  fragments  are  composed. 

FeUtone-tuff. — ^The  felstones  of  Wales  are  accompanied  with  various  frag- 
mental rocks.  One  of  the  characteristic  varieties  is  a  rather  coarse-grained  flaky 
rock,  with  little  nodular  grains  enveloped  in  the  flakes.  It  is  genendly  of  a  pale 
green,  pale  grey,  or  white  colour.  It  has  often  a  soapy  feel  to  the  touch,  and 
might  be  then  called  chlorite-schist  by  many  persons.f    The  flakes  may  sometimei 

*  The  term  ash  has  been  very  generally  used  in  England  for  this  group  of  rooks.  The 
word,  however,  is  in  several  respects  objectionable,  and  should  be  disused  in  favour  of  the 
older  term  in  the  text. 

^  It  is  evident  that  many  of  the  palaeosoio  tnflb  have  undergone  roetamorphism,  and  are 
now  considerably  changed  Arom  their  original  condition.  Some  of  these  altered  varieties 
are  homblendic,  and  pass  into  a  kind  of  hornblende-slate.  It  is  quite  possible  that  some 
of  the  hornblende-  and  actinolite-schists  interbedded  among  gneiss  and  other  metunoiidiic 
Tocks,  may  be  altered  tnfih. 
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be  easily  detached,  and  are  then  fonnd  to  be  tranduceiit,  and  can  readily  be  ground 
down  into  powder.  Other  varieties  are  much  harder  and  more  compact,  and  there 
is  every  gradation  from  a  soft  toff  into  a  compact  felstone,  hand  specimens  of 
which  are  nndistingoishable  from  rocks  which  were  nndoabtedly  once  in  a  melted 
state.  When  decomposed,  the  toif  has  often  a  brown  or  yellow  rusty  stain,  and 
it  is  rare  to  find  a  mass  of  which  a  specimen  will  not  effervesce  slightly  with  acids, 
either  on  its  general  surface  or  in  its  minute  crevices.  Some  varieties,  even  those 
that  have  most  the  appearance  of  crypto-crystalline  trap,  show  casts  of  fossils,  and 
many  contain  angular  fragments  of  slate  and  other  rocks,  clearly  betraying  their 
mechanical  origin.  Some  even  contain  crystals  of  felspar,  which  make  the  rock 
k>ok  like  a  porphyry,  until  closely  examined,  when  the  crystals  are  found  to  have 
their  angles  worn,  and  to  have  been  more  or  less  weathered  and  rounded  before 
they  were  included  in  the  base.  Along  with  these,  also,  there  generally  occur 
mngnXmr  or  rouudcd  fragments  of  felstone,  slate,  or  other  rocks,  of  every  size  up  to 
blocks  of  6  or  8  inches  in  diameter  ;  the  rock  then  becoming  a  trappean  breccia 
or  conglomerate,  with  either  a  hard  and  compact,  or  a  loose  and  flaky  base. 
QuaitKoee  sand  is  sometimes  mingled  with  this  base ;  and  there  is  then  a  passage 
fh>m  toff  through  sandy  tuff  and  tafu»ous  sandstone,  into  pure  sandstone.  In 
the  same  way  calcareous  matter  (with  abundant  fossils)  is  sometimes  mingled  with 
tiie  tufl^  and  even  in  such  abundance  that  the  rook  passes  at  last  into  limestone. 
The  nodular  concretionary  structure,  which  is  occasionally  to  be  seen  in  some  of 
the  compact  or  crypto-crystalline  trap-rocks,  likewise  occurs  in  felstone-tuff  very 
abundantly,  and  it  is  not  always  easy  to  determine  whether  the  nodular  rock  was 
originally  a  molten  trap  or  a  tuff.  The  nodules  vary  from  the  size  of  nuts  to  that 
of  the  fist,  but  are  sometimes  still  larger,  and  the  whole  mass  of  the  rock  made  up 
of  them.* 

Porphyrite-tuf. — The  porphyrites  of  the  Old  Bed  Sandstone  and  Carboniferous 
formations  of  Scotland  are  abundantly  associated  with  tuffs  made  up  of  their 
detritos.  These  tufls  vary  of  course  in  character  with  the  nature  of  the  rock  from 
which  they  have  been  formed.  They  are  usually  dull,  granular,  stratified,  varying 
in  colour  from  white  through  many  shades  of  yellow,  red,  and  lilac,  to  dark 
brown. 

Oreensttm&iuff  {Diabase'tuf). — Under  this  term  are  included  the  tu£b  which 
are  composed  mahily  of  a  comminuted  paste  of  some  variety  of  the  greenstones. 
They  are  usually  dull  and  earthy  in  texture,  often  granular,  passing  into  fine 
conglomerate,  and  have  a  prevailing  dirty  green  colour. 

Many  examples  are  to  be  found  in  Ireland,  in  the  parts  examined  by  the  Geolo- 
gical Survey,  especially  in  the  county  Limerick,  f  of  tnfiis  derived  from  some  basic 
trap  rocks.  They  vary  from  the  finest  grained,  almost  porcellanic-looking  rock  of 
a  pale  green  or  dull  purple  colour,  through  every  gndation  of  texture,  up  to 
breccias  and  conglomerates.  The  fragments  and  pebbles  in  these  trappean 
breodas  are  dther  portions  of  trap,  or  fragments  of  limestones,  sometimes  of  some 
inches  in  diameter,  and  they  form  great  beds,  several  hundred  feet  thick,  inter- 
stratified  with  beds  of  carboniferous  limestone,  and  surrounding  bosses  of  trap, 
from  which  thick  widely-spread  sheets  of  trap  also  extend  for  many  miles.  Some 
of  these  trap-tufils,  with  pebbles  of  carboniferous  limestone,  forcibly  reminded  me 

*  For  descriptions  of  the  tuft  of  Wales  see  Professor  Bamsay's  memoir  on  N.  Wales 
(Mtm,  OeoL  S^trv,  vol.  iiL) ;  also,  Catdlogiu  qf  Roek  Specimtnt  in  Jerm.y%  Street  Muteum, 
London. 

t  See  explanations  to  Sheets  148, 144, 168, 164  of  the  Chotogieal  Swrv^  t^f  Irtlomd,  and 
jMSteo,  Chap.  Xin. 

Near  Black  Ball  Head,  county  Cork,  is  a  oliff  of  greenstone-tuff,  in  which  crystals  of 
hornblende,  three  inches  wide,  have  been  seen.  They  are  dull  and  worn  externally,  but 
intemaUy  quite  bright  and  glistening. 


118  GEOGNOSY. 

of  the  volcanic  ashes  in  Darnley  and  Murray  Islands,  in  Torres  Straits,  in  which 
pebbles  of  coral  limestone  were  included  together  with  pebbles  of  the  laTa-flows 
of  which  the  islands  were  partly  composed. 

Some  of  the  greenstone-tufis  and  breccias  in  the  carboniferous  rocks  of  Lime- 
rick, as  also  in  the  older  Silurian  rocks  of  the  county  Wicklow,  contain  fragments 
of  vesicular  greenstone  such  as  is  not  known  in  tUu  anywhere  in  the  neighbour- 
hood. It  is  probable  that  these  scoriaceous  firagments  are  derived  ftom  the  upper 
surface  of  the  old  trap-stream  when  first  poured  out,  that  upper  surface  having 
been  destroyed  and  swept  away  before  the  lower  part  of  the  trap  was  covered  by 
the  deposition  of  the  aqueous  rock  over  it.  These  scoriaceous  pebbles  are  interest* 
ing,  therefore,  as  the  only  relics  of  a  former  vesicular  and  almost  pumiceous 
covering,  which  would  assimilate  the  old  trappean  flows  with  those  of  recent  vol- 
canoes. 

Throughout  the  carboniferous  formation  of  the  midland  valley  of  Scotland,  there 
occurs  a  vast  quantity  of  trap-tuif  interstratified  with  the  ordinary  sedimentary 
rocks.  This  tuff  has  a  prevalent  greenish  colour,  and  is  made  up  of  a  paste  oif 
abraded  doleritic  (melaphyre)  rocks,  with  fragments  of  these  rocks,  and  of  shale, 
sandstone,  limestone,  etc.  It  is  usually  well  stratified.  In  texture  it  varies  from 
a  fine-grained  rock  like  a  compact  sandstone  up  to  a  coarse  graveUy  admixture  of 
trappean  rocks,  which  passes  into  trappean  conglomerate.  Bounded  bombs  of 
doleritic  trap  frequently  occur  -even  among  the  finer-grained  strata.  Gradations 
occur  everywhere  of  these  tufib  into  the  sandstones,  shales,  or  limestones,  lying 
above  them.  In  the  tuffs  fossil  shells  and  plants  frequently  occur,  and  occa- 
sionally a  seam  of  coal  is  found  among  a  series  of  beds  of  tuff.  A  marked  feature 
of  these  rocks  is  the  limited  area  over  which  each  bed  or  group  of  beds  of  tuff 
usually  extends.  It  appears  that  during  the  carboniferous  period  the  midland 
valley  of  Scotland  was  dotted  over  with  hundreds  of  little  volcanic  orifices,  from 
which  showers  of  volcanic  dust  and  small  ooul^  of  dolerite  were  emitted,  f 

Schalstein, — (German  petrographical  literature  abounds  in  descriptions  of  thia 
rock,  which  presents  so  many  various  characters  in  different  districts  that  it  is 
somewhat  difficult  to  give  one  generally  applicable  definition.  In  colour  it  ranges 
through  shades  of  grey,  green,  and  yellow,  to  red  and  brown,  but  is  usually  varie- 
gated. It  is  impregnated  with  carbonate  of  lime,  has  a  compact,  earthy,  or 
fissile  texture,  and  contains  flat  pieces  of  clay-slate,  or  other  rock,  occasional 
crystals  and  grains  of  felspar,  abundant  roundish  grains  of  calc-spar,  which 
mineral  occurs  also  in  nests,  and  veinings  through  the  rock.4^  According  to  Zirkel, 
some  schalsteins  appear  to  have  been  originally  forms  of  greenstone-tuff  subse- 
quently altered ;  others  to  have  been  derived  from  the  degradation  of  day* 
slate.  § 

Another  variety  of  trap-tuff  occurs  in  the  form  of  a  red  earth  between  beds  of 
dolerite  or  basalt.  Examples  occur  among  the  carboniferous  trap-rocks  of  the 
basin  of  the  Forth,  and  on  a  much  more  extensive  scale  among  the  miocene  volcanic 
rocks  of  Antrim  and  the  Inner  Hebrides.  Every  visitor  to  the  Giants'  Causeway 
has  noticed  the  horizontal  red  bands  which  thero  run  along  the  face  of  the  cli&. 
These  are  known  locally  as  "  red  ochro."  They  are  undoubtedly  beds  of  tufi^  the 
result  of  the  deposition  of  volcanic  dust  ejected  during  the  formation  of  the  great 
basaltic  plateau.  They  consist  of  pinkish  and  yellowish  trappean  powder,  en- 
closing angular  fragments  of  minutely  vesicular  trap,  and  containing  in  some  places 

*  See  paper  on  Igneous  Rocks  of  Arklow  Head  (Journal  Geoi,  Soc.  Dub.,  vol.  viil.  p.  S8X 

t  For  descriptions  of  these  taflh  see  papers  by  Mr.  Qeikie  in  the  Memoirs  of  the  Qeological 
Surrey  of  Scotland ;  Otology  of  Edinburgh,  chaps.  iv.-Tiii. ;  Otology  of  East  Lotikicm,  chap.  v. ; 
also  Trant.  Buy.  Soc.  EdUt.,  vol.  xxii.  p.  640  e(  Mq. ;  Otological  Magatine,  vol.  i.  p.  88. 

I  Zirkel,  Pttrographie,  Band,  ii  636. 

I  ZirkeJ,  loo.  ciL 
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ooneretioDs  of  red  pisolitio  hsematite.  In  other  instances  they  pass  into  a  brown 
compact  earthy  clay,  hut  they  are  all  the  contemporaneous  accompaniments  of  the 
eruptions  from  which  the  basaltic  flovrs  i»t)oeeded,  and  the  more  minutely  vesicular 
fragments  they  contain  are  the  more  frothy  parts  of  those  flows,  either  blown  from 
the  orifices  and  falling  into  the  sea,  or  swept  from  their  sorfaoe  immediatdy  on 
their  first  cooling.* 

Trappaan-Gonglomeirate,  Trappaaa-Breoola. — ^When  a  rock  consists 
of  rounded  fragments  of  one  or  more  yarieties  of  trap-rocks  imbedded  in  a 
paste  of  the  same  materials,  it  is  called  a  IVappean-  (or  Trap-)  Conglomerate.  When 
the  fragments,  instead  of  being  round,  are  angular,  the  rock  is  a  Trappean-  (or 
Trap-)  Brecda.  Such  rocks  pass  naturally  into  Tnip-tafT.  They  occur  as  beds 
interstratified  with  or  resting  upon  the  crystalline  traps.  They  may  be  subdivided, 
like  the  tu£fo,  according  to  "^e  nature  of  the  materials  of  which  they  are  composed. 
Thus  we  have  Greenstone-Conglomerate  and  (Greenstone-Breccia,  Felstone-O^nglo- 
merate  and  Breccia,  Porphyrite-Conglomerate  and  Breccia,  and  so  on.  In  some 
esses  we  can  be  certain  that  the  detritus  of  which  these  rocks  consist  was  actually 
ejected  as  loose  materials  from  volcanic  orifices,  and  that  it  fell  into  water  and 
consolidated  there.  In  other  cases  we  have  proof  that  the  conglomerate  was  formed 
by  the  abrading  action  of  waves  upon  exjxjsed  masses  of  trap-rock.  It  sometimes 
happens,  however,  that  we  cannot  absolutely  decide  in  which  of  these  two  ways  a 
trappean-conglomerate  has  been  formed,  or  whether  both  processes  may  not  have 
be^  at  work. 

Trappean-AgKlomerata  (Toloaxiio  agglomerate). — This  name  has  been 
given  by  Mr.  G^kie  to  unstratified,  pell-mell  agglomerations  of  coarse  volcanic 
d&bris,  which  are  found  occupying  the  pipes  of  old  volcanic  orifices.  The  debris 
consists  of  a  coarse  irregular  gravelly  paste,  through  which  are  abundantly  scat- 
tered angular  and  rounded  pieces  of  porphyrite,  melaphyre,  etc.,  with  fhiginents 
of  the  surrounding  stratified  rocks.  The  agglomerate  occun  in  masses  having  a 
round  or  oval  shape  at  the  surface,  from  whidi  they  descend  vertically  as  **  necks.*' 
Many  such  **  necks,"  each  representing  the  vent  of  a  former  volcano,  rise  through 
the  Scottish  coal-fields,  particularly  in  Ayr8hire.t 

In  the  preceding  descriptions  of  the  volcanic  and  trappean  rocks 
such  an  account  of  them  has  been  given  as  may,  it  is  hoped,  enable  the 
student  to  identify  the  more  marked  varieties.  It  will  ordinarily  be 
sufficient  for  him  to  determine  in  the  field  whether  the  rock  is  a  crys- 
talline or  fragmental  one ;  if  it  is  a  lava,  whether  it  be  a  trachyte 
or  siliceous  lava  on  the  one  hand,  or  a  dolerite  or  basic  lava  on  the 
other  ;  and  similarly  among  the  traps,  whether  it  be  a  felspathic  trap 
(as  felstone  or  porphyrite),  or  a  basic  trap  or  greenstone.  The  varieties 
of  each  class  should  be  distinguished  of  course  on  the  spot,  where  that 
is  possible,  but  in  many  cases  they  have  to  be  left  undistinguished 
until  the  specimens  come  to  be  arranged  in  the  cabinet  of  classified 
rocks,  after  they  have  been  submitted  to  the  more  exact  methods 
of  chemical  and  microscopic  examination  which  cannot  be  pursued 
in  the  field. 

*  The  layers  of  red  earOi  often  found  between  two  lava-flows  seem  to  be  the  sofl  formed 
over  the  decomposed  lower  lava,  and  subsequently  burnt  by  the  heat  of  the  upper  flow. 

t  See  OeUde, GtoL  Mag,,  voL  ilL  p.  848;  Memoin  qf  QtoL  Survey, ScoOcmd,  BxpkmatUm 
ofShett  14 ;  dOalogiu  q/Boek  SpeeimtH$  <»  Bdintmrgh  Mumm,  p.  83. 
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It  bas  been  once  or  twice  pointed  out  in  tbe  preceding  pages  that 
the  volcanic  and  trappean  rocks  are  readily  divisible  into  two  series^ 
according  to  the  relative  proportions  of  the  acid  (silica),  and  the  earthy 
and  alkaline  bases  which  enter  into  their  composition.  The  siliceous 
lavas  or  trachytes  consist  of  the  most  highly  silicated  felspars,  and 
some  of  their  varieties  exhibit  quartz  in  consequence  of  having  more 
silica  than  could  be  absorbed  by  their  basic  constituents.  In  the 
siliceous  traps  or  felstones  this  is  idways  the  case,  and  the  rock  consists 
of  a  mixture  of  highly  silicated  felq>ar,  with  uncombined  silica  or 
quartz.  It  would  obviously  be  most  unlikely  that  the  more  basic 
felspars,  such  as  labradorite,  should  have  been  produced  in  such 
rocks. 

In  unaltered  felstones  the  quartz,  although  existent,  rarely  becomes 
visible,  and  then  appears  usually  in  detached  globular  particles  scat- 
tered in  the  mass.  In  the  feLstone  and  trachytic  porphyries,  indeed, 
quartz  is  said  sometimes  to  occur  in  perfect  ciystals  of  double  pyra- 
mids,* but  this  must  be  looked  on  as  an  exception  to  the  general  role, 
unless  in  the  felstones  which  are  associated  with  metamorphic  rocks, 
and  have  themselves  been  metamorphosed. 

In  all  the  granitic  rocks,  on  tiiie  other  hand,  quartz  is  not  only 
present,  but  visible,  the  existence  of  crystalline  particles  of  quartz, 
intertangled  with  the  crystalline  particles  of  the  other  minerals,  being 
their  most  essential  character.  It  is,  however,  remarkable  that  quartz 
rarely  forms  perfect  crystals  in  granite,  whereas  the  felspathic  in- 
gredients frequently  do  so,  and  the  micaceous  not  un£requently.  The 
felspars,  orthoclase,  albite,  or  oligoclase,  were  thus  solidified  previously 
to  the  quartz,  an  anomaly  to  be  explained  perhaps  by  the  fact  of  a  dif- 
ference between  the  point  of  fusion  and  the  point  of  solidification  in 
the  minerals,  and  by  the  protracted  viscosi^  of  the  quartz.  This 
may  be  owing  to  the  slow  refrigeration  of  the  mass,  allowing  the 
highly  siliceous  mineralB  to  ciystalHse  in  a  magma  of  silica,  while 
the  more  rapid  cooling  of  the  porphyries  and  trachytes  produced 
a  mixed  felspathic  paste  only,  in  whidi  some  ciystah  of  quartz  were 
generated. 

Qranite  then  may  be  looked  upon  as  the  original  rock  frt)m  which 
the  purely  felspathic  or  highly  silicated  traps  and  lavas  have  proceeded 
directly,  the  differences  between  them  being  due  rather  to  the  circum- 
stances under  which  they  have  been  cooled  and  consolidated,  than  to 

*  Baron  Rlohtofen,  Proceni.  Imp,  ChoL  ImL  Vienna,  March  16, 1909,  as  abstracted  .In 
GwL  Jowmal,  toL  zt. 
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any  essential  distinction  in  their  ingredients.  It  is  more  a  difference 
of  texture  than  of  composition.  Granite,  however,  might  be  regarded 
as  the  original  mass  of  even  the  more  basic  traps  and  lavas,  if  we 
conceive  that  to  an  original  molten  mass  of  granite  a  quantity  of  the 
more  fosible  bases  was  in  some  way  added. 

There  is  now  a  growing  opinion  among  geologists  that  granite  is  in 
many  cases  a  metamorphic  rock,  that  is  to  say,  that  it  has  been  formed 
by  the  metamorphism  or  alteration  of  a  pre-existing  mass  of  stratified 
rock  such  as  sandstones  and  greywackes.  It  is  here  described  among 
the  igneous  rocks,  but  reference  will  be  made  to  its  metamorphic  rela- 
tions in  Chapter  XIL,  and  in  the  section  of  this  Manual  where  Meta- 
morphism is  described. 

Oraaite. — Trae  Granite,  in  its  ordinary  form,  is  one  of  the  inoet  easily  de- 
Bcribed  and  certainly  recognised  of  all  rocks.  It  is  a  fine  or  coarse  grained  crys- 
talline aggregate  of  the  three  minerals  felspar,  mica,  and  quartz.  Its  name  is 
sometimes  said  to  be  derived  from  its  granular  stmctore,  but  Jameson  derives  it 
from  ** geramtes,**  a  term  used  by  Pliny  to  designate  a  particular  kind  of  stone. 
Ordinary  granite  varies  according  to  the  composition  of  the  felspar  and  mica  com- 
posing it,  according  to  the  relative  proportions  of  those  minerals  to  each  other 
and  to  the  quartz,  and  according  to  the  size  of  the  crystals,  and  the  state  of  aggre- 
gation of  the  several  constituents. 

The  felspar  of  granite  is  usually  orthoclase,  frequently  flesh-coloured,  some- 
times white  ;  but  oligoclase  also  frequently  occurs  having  a  greenish  or  greyish- 
white  colour,  and  recognisable  from  the  orthoclase  by  its  ^e  parallel  striations. 
Albite  is  found  more  rarely.*  The  mica  of  granite  varies  greatly  in  colour  and 
lustre,  the  sHveiy  white  or  golden  yellow  varieties  being  usually  potash-mica,  the 
brown  and  black  varieties  magnesia-mica.  The  quartz  is  conunonly  colourless  or 
white,  but  sometimes  dark-grey  or  brown. 

The  proportions  of  the  three  constituents  vary  indefinitely,  with  this  limita- 
tion, that  the  felspar  is  always  an  essential  ingredient,  and  never  forms  less  than 
a  tiiird,  rarely  less  than  half  of  the  mass,  and  generally  a  still  larger  proportion. 
Sometimes  the  mica,  sometimes  the  quartz,  becomes  so  minute  as  to  be  barely 
perceptible.  The  texture  of  the  mass  varies  also  greatly,  some  granites  being  very 
clou  and  fine-grained,  others  largely  and  coarsely  crystalline.  The  colours  of  the 
rock  are  generally  either  red,  grey,  or  white  ;  tiie  first  when  the  felspar  is  flesh- 
coloured,  the  latter  when  it  is  pure  white,  the  intermediate  grey  tints  depending 
chiefly  on  the  abundance  and  colour  of  the  mica,  but  sometimes  on  that  of  the 
quartz.  Large  and  distinct  crystalB  of  felspar  sometimes  occur,  disseminated  at 
intervals  through  the  mass,  giving  the  rock  a  porphyritic  structure.  It  is  then 
called  Porphyritic  Granite. 

In  the  paper  before  quoted  f  the  Rev.  Dr.  Haughton  gives  a  very  complete 
account  of  the  constitution  of  the  largest  granitic  mass  in  the  United  Kingdom, 
that,  namely,  that  stretches  south  of  Dublin  for  a  distance  of  seventy  miles.  The 
following  is  the  mean  of  the  analyses  of  eleven  specimens  bom  so  many  different 
parts  of  the  chain  : — 

*  The  aaaertion  of  the  presence  of  Albite,  however,  as  a  constitaent  of  granite,  seems 
(rften  to  have  originated  In  mistake.  Sven  in  the  Monme  Mountain  granite,  according  to 
Dr.  Haughton,  it  is  chiefly  found  in  drusy  cavities.  OUgodase  also  never  occurs  alone, 
tbooc^  Ortboelase  often  does. 

t  Tnmt.  Royal  Irith  Aoad.,  voL  xxiU. 
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Mazimnm. 

Mlnimmn. 

Mean. 

SiUca 

74-24 

70-28 

72-07 

Alumina  . 

16-68 

12-64 

14-81 

Peroxide  of  iron 

8-47 

1-08 

2*22 

Potash     . 

7-92 

8-95 

6-11 

Soda 

8-68 

0-54 

2-79 

Lime 

2-84 

0-67 

1-63 

Magnesia  . 

0-63 

0-00 

0-88 

Protoxide  of  iron 

0-80* 

000 

0-00 

Loss  by  ignition  , 

1-89 

0-00 

109 

100*06 

Dr.  Hanghton  shows  that  the  granite  having  the  above  average  composition 
consists  of  four  minerals — orthodase,  two  kinds  of  mica,  and  qnartz—  confusedly 
embedded  in  a  felspathic  paste.  The  felspathic  paste  does  not  assume  any  definite 
crystalline  form,  and,  therefore,  is  not  entitled  to  the  name  of  a  definite  mineraL 
It  contains  nearly  4  i>er  cent  of  both  potash  and  soda,  and  seems  to  be  the  suxwr* 
fluous  matter  in  the  original  mixture  which  remained  unused,  as  we  may  say, 
when  the  other  minerals  formed.  Having  separately  analysed  the  distinct 
minerals,  orthoclase,  white  mica,  and  black  mica,  and  having  assumed  that  the 
felspathic  paste  is  at  all  events  a  trisilicated  felspar  (which  it  must  be  fh>m  the 
presence  of  free  silica  in  the  rock),  Dr.  Haughton  calculates  the  proportions  of 
each  mineral,  and  gets  the  following  as  the  mineralogical  constitution  of  the 
granite:  — 

Quartz.  ....  27*66 

Felspar  (orthoclase)  62*94 

Margarodite  (or  white  mica)      .  .  14*18 

Lepidomelane  (or  black  mica)  .  .  5*27 

100*06 

Having  established  the  constitution  of  this  great  mass  of  granite,  and  shown 
its  constancy  throughout  its  extent,  he  then  proceeds  to  examine  the  composition 
of  a  nimiber  of  granitic  bosses  that  protrude  through  the  slate  rocks  between  the 
main  chain  and  ^e  sea.  These  were  found  not  only  to  differ  in  composition  &om 
the  main  chain  granite,  but  to  differ  also  among  themselves,  so  that  no  two  of 
them  were  exactly  alike.  Among  nine  specimens  analysed  from  as  many  different 
localities,  the  percentage  of  silica  varied  from  66*6  to  80*24,  that  of  alumina  from 
11  '24  to  18,  while  in  the  majority  of  them  the  percentages  of  soda  and  lime  were 
greater,  and  sometimes  considerably  greater,  than  those  of  potash.  It  is  believed 
that  these  irregular  differences  resulted  from  the  differences  in  the  composition  of 
the  particular  aqueous  rocks  with  which  the  granitic  masses  came  in  contact ;  a 
portion  of  these  rocks  being  supposed  to  have  been  absorbed  and  melted  down 
into  the  granite,  f  In  one  of  these  detached  bosses — ^that  of  the  hill  known  as 
Croachan  Kinshela — a  specimen  taken  from  the  head  of  a  valley  as  deep  into  the 
granitic  mass  as  we  could  reach,  showed  a  composition  resembling  that  of  the 
main  chain,  while  another  specimen  from  the  summit'of  the  hill  nearer  the  original 
slaty  envelop  of  the  granitic  mass,  deviated  greatiy  from  it  in  composition,  and 
contained  chlorite  instead  of  mica.^ 

*  In  one  case  only. 

t  Such  differences  in  the  composition  of  the  various  parts  of  one  granitic  mass  are  also 
explicable  on  the  snppositton  that  the  granite  is  the  result  of  the  metamoipkism  <»  tttw  of 
rocks  differing  from  each  other  to  some  extent  in  chemical  composition. 

I  Traru.  R.IU.  vol  xziiL  p.  008,  etc.  See  poti.  Chap.  XIL,  '*  On  the  Gtanltio  Rocks,* 
for  an  explanation  of  what  is  referred  to  by  the  '*  slaty  envelope." 
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Dr.  Hangbton*  has  subeequently  described  the  granites  of  Donegal,  and  having 
analysed  fifteen  specimens^  finds  that  they  have  the  following  composition  : — 


Silica 

Alnmina  . 

Perox.  Iron 

Protoz.  Iron 

Lime 

Magnesia . 

Soda 

Potash 

Protoz.  Manganese 

Water 


|iM.T^mn^^^. 

76*24 
20-00 
6.64 
205 
6-08 
8-66 
4-86 
7-82 
0-96 
1-20 


56*20 
13-86 
0  0 
0-0 
0-79 
0-07 
2*88 
20 
0-00 
0  00 


Mean. 
68-44 
16*02 
8-09 
0-44 
2-49 
0-88 
8-95 
4-46 
0-8 
0-12 

99*96 


He  then  shows  that  the  minerals  composing  the  Donegal  granites  are  qnartz, 
OTthoclase,  oligoclase,  black  mica,  white  mica  (chiefly  in  veins),  and  sometimes 
hornblende.  The  orthodase  is  either  flesh  colonr  or  white,  and  although  it  is 
certainly  that  species  of  felspar,  it  contains  more  lime,  and  is  altogether  more  than 
usually  basic  The  oligoclase  is  greenish-grey,  with  a  waxy  lustre,  and  shows  on 
some  of  its  facets  tiiat  minute  parallel  striation  which  is  characteristic  of  the 
plagiodastic  felspars.  The  black  mica  is  always  present,  but  becomes  brown  or 
green  when  decomposed.  The  white  mica  is  rather  an  accidental  than  a  consti- 
tuent mineral  of  this  granite,  occurring  chiefly  in  veins  with  beryl  and  schorl.  .The 
hornblende  occurs  occasionally.  Besides  the  previously-mentioned  minerals, 
•phene,  garnet,  molybdenite,  and  copper  pyrites,  also  occur  in  the  Donegal  granites. 
Dr.  Haughton,  then,  by  a  masterly  application  of  mathematical  analysis  to  the  data 
he  has  gained  finom  chemical  and  mineralogical  experiments,  shows  the  granite  of 
Doochary  Bridge  to  contain  the  constituent  minerals  in  the  following  percentage : — 

Quartz      .  .  .  .  80*68 

Orthoclase  .  24*88 

Oligoclase  .  .  .  41-88 

Black  mica  .  .  8*16 


100-00 


These  two  varieties  of  granite— namely,  that  with  orthoclase  only,  and  with 
white  mica  at  least  as  abundant  as  black,  and  the  other  containing  oligoclase  as 
well  as  orthoclase  and  black  mica  solely,  or  rarely  with  white  mica,  may  be  taken 
as  the  two  typical  varieties  of  granite.  G.  Rose  proposes  to  distingmsh  the  latter 
rock  by  the  name  of  granUUe.     According  to  Durocher,  granite  contains — 


Mazimam. 

Minimum.            Mean. 

SUica  . 

78-0 

66                  72-8 

Alumina 

18-0 

11                  16-8 

Potash 

9*0 

4                    6-4 

Soda    . 

2-6 

0                    1-4 

Lime  . 

1-5 

0                   07 

Magnesia 

2-0 

0                   0-9 

Oxides  of  iron  and  mai 

iganese    2*5 

0*5                17 

Loss  by  ignition 

1-5 

0                   0*8 
100-0 

Specific  gravity,  maxii 

mum  278,  minim 

um  2-60,  mean  2  66. 

*  In  a  paper  pubUshed  in  Quart,  Jour,  OtoL  Soc,  voL  zrili.,  and  another  in  vol.  zziv.  of 
the  Trmu.  R,  L  Aeademy. 
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Many  varieties  of  granite  have  been  named  according  to  the  oocadonal  pn- 
sence  of  accidental  minenJa.     The  following  are  the  more  important : — 

Protogine*  {protogine-graniUf  Alpine  granUe). — ^A  rock  consisting  of  ortho- 
clase,  oliogoclase,  quartz,  mica,  and  a  variety  of  talc  It  oocnrs  among  meta* 
morphio  rocks  in  the  Alps. 

SyemHc  (or  hombUndic)  granite^  a  rock  in  which  hornblende  ia  added  to  the 
usual  ingredients  of  granite.  By  some  authore  this  rock  ia  caUed  a  syenite.  It 
forms  an  intermediate  variety  between  granite  and  syenite. 

PegmcUite,  a  coarse  granite,  fall  of  druses,  and  consisting  essentially  of  ortho- 
clase  (often  in  very  large  crystals),  quartz,  and  large  plates  of  silvery  white 
mica.f    It  occurs  in  veins  or  layers  in  other  granitic  rocks. 

Oraphic  granite, — This  variety  is  distinguished  by  a  peculiar  mode  in  which 
the  quartz  is  crystallised  in  the  felspar,  so  as  to  produce  on  a  cross  fracture 
of  the  quartz-crystals  the  appearance  of  Hebrew  writing.  It  is  of  veiy  lool 
occurrence. 

Syenite,  in  its  true  form,  is  a  quartziferous  or  granitic  rock.  It  is  named 
from  the  city  of  Syene,  in  Egypt,  where  it  is  formed  of  a  crystalline  aggregate  of 
the  four  minerals,  felspar,  hornblende,  mica,  and  quartz ;  the  mica  being  in  small 
and  uncertain  quantity.  According,  therefore,  to  the  nomenclature  which  has 
been  in  vogue  in  this  country,  syenite  differs  from  granite  solely  in  the  fact  of  its 
containing  hornblende  instead  of  or  in  addition  to  Uie  mica,  and  may  be  described 
as  a  crystalline  granular  aggregate  of  felspar,  honiblende,  and  quartz ;  the  felspar 
being  generally  red,  but  sometimes  white,  and  the  rock  mottled  red  and  dark 
green,  firom  the  occurrence  of  hornblende. 

The  petrographers  of  Germany,  however,  give  a  different  definition  of  syenite. 
They  say  it  consists  essentially  of  a  mixture  of  orthoclase  and  hornblende,  to 
which  oligoclase,  quartz,  and  mica,  are  occasionally  added.  According  to  this 
definition,  syenite  would  differ  from  diorite  solely  in  the  difference  in  the  felspathic 
ingredient,  diorite  being  a  mixture  of  oligoclase  and  hornblende,  to  which  mica 
may  also  be  added. 

The  name  Syenite  was  first  used  by  Pliny  in  reference  to  the  rock  of  Syene. 
Werner  introduced  it  as  a  scientific  designation,  and  applied  it  to  the  rock  of  the 
Plauenscher-Grund,  Dresden,  which  is  a  normal  syenite  according  to  the  present 
German  nomenclature.  He  afterwards  classed  that  rock,  however,  as  a  gneai- 
stone ;  and  on  finding  that  the  rock  of  Syene  was  not  in  the  German  sense 
a  true  Syenite,  and  that  Bozi^re  had  met  with  true  syenite  at  Mount  Sinai,  he 
proposed  to  change  the  name  into  Sinaite — a  term  which  has  not  been  generally 
adopted.^: 

*  This  rock  was  so  called  because  It  was  supposed  to  be  the  Jbrst  formed  granite.  The 
specimens  of  it  which  I  have  seen,  appeared  to  me  to  be  metamoiphic  rocks  and  no  tnie 
granite,  and  the  descriptions  given  by  Naumann  and  Senft  confirm  this  opinion.  Dr. 
Han^ton  informs  me  that  in  all  the  specimens  of  protogine  fh>m  tiie  Alps  which  he  haa 
examined,  the  dark  green  mineral  was  not  talc,  but  doll  mica  or  chlorite,  or  some  kindred 
mineral.  I  can  equally  affirm,  that  all  the  rocks  I  saw  in  a  traverse  across  the  Alps  in  1860, 
which  could  be  classed  under  the  head  of  protogine,  were  not  intnisive  granites,  but  only  beda 
of  granitoid  rock  interstratifled  with  other  highly  metamorphosed  beds.  Some  granite  seems 
to  contain  chlorite  instead  of  mica,  but  as  far  as  my  own  experience  goes,  it  is  only  foond 
on  the  upper  or  outer  margin  of  the  smaller  masses  or  intnisive  bosses  of  granite.  The  same 
observation  may  be  applied  to  tiie  very  sohorlaceons  granite  of  Devon  and  Cornwall,  tbong^ 
schorl  undonbtedly  occurs  in  small  detached  quantities  deep  in  some  granites. 

t  Thii  is  the  definition  of  Delesse  and  Naumann.  Hatty's  p^matite  is  the  same  as  the 
rock  called  graphic-granite  in  the  text.  The  word  pegnuUite  is  from  the  Greek  ir^fta, 
ajooagtUation. 

X  ZirkeL    Pttrographie,  it  578. 
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The  rock  called  by  Duiocher  syenitic  granite,*  haa  the  following  composition : — 


Maximum. 

Ifinlmnm. 

Mean. 

Silica    .            .            .            720 

64 

69*0 

Alumina                         .            170 

12 

160 

Potash  ...              6-0 

8 

4*2 

Soda     ...              8-5 

1 

2*8 

Lime     ...              4*0 

1 

2*2 

Magnesia                                     4*0 

2 

2*6 

Oxides  of  iron  and  manganese      5  '0 

2 

8*2 

Loss  by  ignition            .              1  *5 

0 

10 

100  0 
Specific  gravity,  maximum  2*75,  mintmntn  2*68,  mean  2*68. 

The  syenite  of  the  Plauenscher-Grund,  which,  as  just  remarked,  may  be  taken 
as  a  type  of  Syenite,  according  to  the  Oerman  nomenclature,  is  a  coarse-grained 
mixture  of  flesih-coloured  orthoclase  and  black  hornblende,  containing  no  quartz, 
and  with  no  indication  of  oligoclase.    Its  composition  is  as  follows  :*h-— 


Silica 

69*83 

Alumina 

16*85 

Protoxide  of  iron 

701 

Lime 

4*43 

Magnesia 

2*61 

Potash 

6*67 

Soda 

2*44 

Water,  etc     . 

1*29 

101*03 

According  to  G.  Boae,^  the  following  four  varieties  may  be  recognised  among 
syenites : — 

a.  Syenite  composed  of  Orthoclase  and  Hornblende. 

b.  Syenite  composed  of  Orthoclase,  Oligoclase,  and  Hornblende, 
c  Syenite  composed  of  Orthoclase,  Oligoclase,  and  Green  Mica. 

d.  Syenite  composed  of  Orthoclase,  Oligoclase,  Hornblende  and  Green  Mica. 


II.-AQX7£On8  BOCKS. 

We  are  compelled  to  look  upon  the  igneous  rocks  as  original  produc- 
tions. We  can  only  speculate,  and  that  very  vaguely,  on  what  was  the 
condition  of  their  materials  previously  to  their  being  placed,  in  a 
molten  state,  in  the  positions  where  they  subsequently  consolidated. 
In  our  examination  of  the  aqueous  rocks,  however,  we  can  go  a  step 
farther  back,  and  learn,  either  accurately  or  approximately,  whence  the 
materials  composing  them  were  derived,  and  what  was  tiieir  previous 
condition.  This  is  true  of  all  aqueous  rocks,  whether  chemically^ 
organically,  or  mechanically  formed.     The  nature  of  the  various  pro- 

*  The  name  Syenitic-granite  is  given  by  B.  v.  Cotta  to  granite  containing  hornblende, 
t  ZttkxL    Poggendorfl;  Ann.  ozzii.  (1864X  622. 
}  Z9U$ckr1fidm'J)§utmik.G^oL  GmlL  B.  I.  872. 
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cesses  whereby  these  rocks  have  been  and  are  now  formed,  will  be 
described  in  the  subsequent  section  on  (Geological  Agencies.  In  the 
meantime,  we  have  to  consider  the  composition  and  arrangement  of 
these  rocks  in  a  lithological  series.  We  shall  commence  with  those 
which  have  been  mechanically  formed. 

a,  Meohanioally  Formed. 

Oonglomerftte  or  Fuddingstone. — A  rock  conslBting  of  consolidated  gravel 
or  shingle,  the  pebbles  being  roonded  and  water-worn,  and  bound  together  by  a 
matrix  of  iron  (ferruginous),  lime  (calcareous),  sand  (arenaceous),  or  clay  (argil- 
laceous). The  pebbles  may  consist  of  any  substance  whatever ;  but  they  are  most 
commonly  composed  either  of  quartz,  quartz-rock,  or  some  very  siliceous  substance. 
This  is  partly  the  result  of  the  greater  abundance  of  siliceous  over  other  mineral 
matters  in  the  composition  of  rock  generally  ;  but  it  also  arises  fh)m  the  greater 
durability  of  quartzose  substances,  and  from  their  mode  of  fracture.  Pure  silica, 
or  highly  siliceous  minerals,  are  not  so  easily  dissolved  by  water,  or  by  any  other 
commonly  occurring  solvent,  as  those  which  contain  lime  or  other  earths  and  alka- 
lies. On  the  other  hand,  quartz  and  quartz-rock,  and  similar  substances,  tiioogh 
very  hard,  are  often  rather  brittle  ;  and  they  break  into  cubical  lumps,  ra^er  than 
into  plat^  or  slabs.  These  squarish  lumps  are  soon  converted  by  motion  in  water 
into  more  or  less  globular  pebbles,  and  are  therefore  set  in  motion  with  compara- 
tive facility. 

In  most  cases  the  pebbles  are  bedded  in  quartzose  sand.  When  they  consist 
of  limestone  or  of  trap,  of  slate,  schist,  or  ol^er  rock,  the  rock  is  spoken  of  as 
calcareous  or  trappeau  conglomerate,  etc.  The  degree  of  induration  or  consolida- 
tion in  conglomerates  varies  greatly.  Some  seem  to  have  been  consolidated  by 
simple  pressure ;  and  from  some  of  these  the  pebbles  may  often  be  removed  by  a 
slight  blow  with  the  hammer,  or  even  by  the  knife,  the  form  or  mould  of  the 
pebble  remaining  in  the  little  film  of  sand  which  fills  up  all  the  interstices  between 
the  larger  fragments.  Sometimes  the  conglomerate  has  been  bound  or  cemented 
together  by  calcareous,  ferruginous,  or  siliceous  infiltrations,  the  matrix  in  which 
the  pebbles  lie  being  as  hard  as  the  pebbles  themselves,  a  blow  with  a  hammer 
breaking  the  pebbles  as  easily  as  the  rock  in  which  they  are  embedded. 

The  size  of  the  fragments  in  conglomerates  varies  greatly.  In  some  rarer  cases, 
blocks  of  as  much  as  six  feet  in  length  occur ;  but  the  more  ordinary  sizes  are 
from,  that  of  a  man's  head  to  that  of  a  walnut.  Below  that  size,  the  rock  begins 
to  pass  into  the  coarser  varieties  of  sandstone.  Conglomerates,  although  ststttified 
rocks,  often  show  but  faint  traces  of  bedding,  and  in  such  cases  it  is  only  on  the 
large  scale  that  we  can  recognise  their  bedded  character. 

Breooia. — When  the  component  fragments  are  angular  instead  of  rounded  the 
rock  becomes  a  breccia.  In  general  the  traces  of  bedding  are  leas  distinct  in  this 
rock  than  in  conglomerate. 

Sandstone  and  cTritstone. — The  remarks  as  to  the  usually  quartzose 
character  of  conglomerates  hold  good  also  with  respect  to  sandstones.  The  very 
process  by  which  fragmente  of  rock  are  rounded  produces  sand,  as  the  waste 
resulting  ftx)m  their  attrition.  Pebbles  themselves  also  are  gradually  ground  into 
grains  of  sand.  Sandstone  is  nothing  else  but  sand  compacted  into  solid  stone. 
The  grains,  both  of  sand  and  sandfrtone,  generally  consist  of  quartz,  sometimes 
clear  and  colourless,  sometimes  dull  white,  sometimes  yellow,  brown,  red,  or  green. 
The  red  colours  are  usually  the  result  of  the  covering  of  each  little  grain  with 
peroxide  of  iron,  which  sometimes  acts  as  a  cement  to  the  stone,  serving  to  bind 
the  particles  together.  The  green  colours  are  commonly  derived  from  silicate  of 
iron ;  and  the  green  and  red  are  often  intermingled,  in  consequence  of  the  change 
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of  the  iron  from  the  condition  of  a  silicate  to  that  of  a  peroxide.  The  size  of  the 
grains  varies  from  that  of  a  pea  to  the  minutest  particle  visible  to  the  naked  eye, 
many  sandstones  and  gritstones  even  requiring  a  lens  in  order  to  distinguish  the 
particles  of  which  they  are  composed. 

The  materials  are  also  various,  as,  along  with  grains  of  quartz,  may  occur 
grains  and  particles  of  any  mineral  substance  whatever.  Flakes  and  spangles 
of  mica  are  rarely  altogether  absent ;  and  in  many  sandstones  they  occur  so 
abundantly,  and  in  sudi  regular  seams,  as  to  cause  the  rock  surfaces  to 
glitter,  and  the  rock  itself  often  to  split  into  thin  plates  and  slabs.  These 
are  called  mieaeeo%t8  atmdstones.  Grains  of  felspar,  distinguishable  by  their 
dull  white,  yellow,  or  flesh  colour,  and  peculiar  appearance,  occur  abundantly  in 
tome  sandstones,  which  may  then  be  called  feUpathio  aandsUmes,  When  grains 
of  limestone  occur  in  any  remarkable  proportion,  the  rock  may  be  called  a  cal" 
eareous  aandstone,  though  this  designation  is  more  often  applied  to  sandstones,  the 
qoartzose  or  other  grains  of  which  are  bound  together  by  a  cement  of  carbonate  of 
lime,  either  invisible  to  the  eye  or  occurring  as  a  network  of  little  veins  and  strings 
of  crystalline  carbonate  of  lime  running  throughout  the  stone.  Calcareous  sand- 
stones graduate  into  eomstoneSf  and  thence  into  good  limestone.  The  weathered 
Borface  of  a  comstone  or  calcareous  sandstone  is  often  curiously  rotten,  and  of  a 
dark  brown  colour,  the  disintegration  of  the  rock  being  due  to  the  solution  and  re> 
moval  of  the  carbonate  of  lime,  and  its  dai^  colour  to  the  peroxidation  of  the  iron 
contained  in  it.  In  other  cases  the  surface  has  a  fine  gritty  aspect,  owing  to  the 
prominence  of  the  grains  of  sand  from  which  the  surrounding  lime  has  been  dis- 
solved  away.  Argillaceout  or  Clayey  Sandttone  is  a  term  not  often  used,  nor  is 
it  very  often  applicable,  though  many  rocks  contain  various  mixtures  of  sand  and 
clay.  In  some  sandstones,  little  flat  rounded  patches  of  day,  more  or  less  in- 
dorated,  occur.  Similar  little  patches  of  clay  may  be  seen  on  sandy  shores,  either 
originally  deposited  there  in  little  hollows,  or  rolled  as  clay  pebbles  from  some 
bed  of  clay.  In  quarrying  sandstone,  these  day  patches  are  commonly  called 
**  galls  "  by  the  woriunen.  In  highly  indurated  grits,  they  sometimes  assume  the 
form  of  pebbles  of  slatef  though  the  slaty  appearance  may  often  have  been  acquired 
from  the  subsequent  induration,  and  not  before  they  were  embedded  in  the  sand- 
stone. These  patches  of  clay  or  apparent  fragments  of  slate,  sometimes  give  to  the 
rock  the  appearance  of  a  breccia,  composed  of  pieces  of  hard  slate  embedded  in 
aaodstone,  although  the  rock  really  was  formed  as  a  loose  sand  enclosing  lumps  of 
•oft  clay. 

ItacobtadU, — Some  sandstones  in  different  parts  of  the  world  when  split  into 
slabs  are  to  a  certain  extent  flexible  without  fracture,  almost  like  a  thick  piece  of 
flat  cable.  This  variety  takes  its  name  from  the  mountain  Itacolumi  in  the  Brazils, 
and  is  said  to  derive  its  flexibility  from  plates  of  chlorite  and  mica.  Specimens,  how- 
ever, may  be  seen  quite  flexible  and  without  any  marked  appearance  of  micaceous 
minerals,  but  seemingly  genuine  unaltered  quartzose  sandstone. 

F^eudUxryttadUne  SandatoTte. — ^Among  sandstones  derived  from  hard  crystalline 
igneous  rocks,  it  may  sometimes  not  be  easy,  at  first  sight,  to  distinguish  between 
the  sandstones  and  ib»  rodcs  from  which  they  are  derived.  If  the  cnrstals  of  the 
one,  after  being  disintegrated,  become  compacted  together  again  before  their  angles 
are  much  worn,  and  retain  the  lustre  of  some  of  their  facets,  and  the  sandstone  or 
gritstone  thus  composed  be  very  hard  and  intractable,  pieces  of  it  might  easily 
pass  for  an  actual  igneous  rock.*  In  most  cases,  however,  the  particles  of  the  trap- 
rock  are  more  or  less  decomposed  before  they  enter  into  the  composition  of  the 
sandstones  ;  and  the  only  mistake  that  could  then  be  made  between  them  would 
result  ttom  a  hasty  ^^ce  at  the  weathered  surfaces  of  the  two. 

*  Oedogista  may  be  deceived  by  such  a  rook,  and  at  length  discover  by  the  appearance 
of  distinctly  rounded  grains  that  the  rock,  assumed  to  be  a  trap,  is  inreality  a  sandstone. 
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Such  Trappean  Sandstones,  or  voleanie  Oritt,  composed  of  partidea  derived 
fh>m  the  decompoBition  of  greenstones  and  basalts,  consist  principally  of  grains  of 
felspar  and  hornblende  or  augite,  which  have  commonly  lost  all  their  external 
crystalline  appearance.  Qaartzoee  grains  and  mica  flaJces  are,  however,  often 
mingled  with  these  substances,  and  serve  to  distinguish  even  the  most  crystalline- 
looking  varieties  of  such  sandstones  from  trap-rodcs.  The  difference  between  a 
*'  trappean  or  volcanic  tuff  or  ash,"  and  a  **  trappean  or  volcanic  sandstone,'*  con- 
sists in  this,  that  the  materials  of  the  tuff  were  derived  from  an  igneous  outburst, 
and  were  deposited  at  the  same  time  with  the  trap  or  lava  from  which  they  were 
derived,  or  immediately  before  or  after  that  was  poured  out ;  whereas  the  trappean 
sandstone  is  merely  the  result  of  the  erosion  of  an  igneous  rock  at  some  subse- 
quent period,  when,  together  with  the  other  rocks  among  which  it  lay,  it  became 
exposed  to  the  action  of  moving  water.  In  some  cases,  doubtless,  it  may  happen 
that  "trappean  sandstones,"  or  "volcanic  grits,"  put  on  the  appearance  of 
trappean  or  volcanic  tuffs;  and  it  would  then  be  impossible  to  distinguidi 
between  the  two  kinds  of  rock,  and  say  which  accompanied  the  igneous  outburst, 
and  which  was  derived  fh>m  the  subsequent  abrasion  of  the  cooled  igneous 
rock.  These  instances,  however,  are  more  rare  than  they  might  be  supposed 
to  be.* 

ConsoUcUtUon  of  Sandstone, — Sandstone,  like  conglomerate,  may  have  been 
consolidated  either  by  simple  pressure  continued  for  a  long  period  of  time,  by 
pressure  combined  with  an  elevation  of  temperature,  by  the  infiltration  of  mineral 
matter  in  solution,  or  by  the  partial  fusion  or  solution,  and  subsequent  reoon« 
solidation  of  some  of  the  particles  composing  it,  or  lastly,  by  a  combination  of 
two  or  more  of  these  actions.  Some  of  the  loose  tertiary  sands  of  the  north  at 
France,  such  as  the  Sable  de  Fontainebleau,  and  the  Sable  de  Beauchamp,  exhibit 
these  actions  in  a  very  remarkable  way.  These  tertiary  grits  are  often  as  hard, 
and  break  with  as  splintery  a  fracture,  as  the  grits  of  the  oldest  rocks  of  ,the 
British  mountains.  On  the  other  hand,  very  ancient  sandstones  are  sometimes 
quite  soft.  Dr.  Dana  says  that  the  Potsdam  sandstone  of  North  America,  which 
lies  at  the  base  of  the  Lower  Silurian  rocks  of  that  country,  can  in  some  places  be 
crumbled  by  the  fingerSjt  and  some  of  the  oldest  Silurian  formations  in  the  low 
lands  of  Russia^are  still  in  the  state  of  plastic  clay  and  friable  sandstone. 

Distinciion  between  Sandstone  and  Gritstone, — The  difference  between  sand- 
stone  and  gritstone  is  a  vague  and  indeterminate  one,  which  must  necessarily  be  the 
case  when  the  things  themselves  are  so  various  and  often  capricious  in  composition 
and  texture.  The  term  gritstone  is  perhaps  most  applicable  to  the  harder  sand- 
stones,  which  consist  most  entirely  of  grains  of  quartz,  most  firmly  compacted 
together  by  the  most  purely  siliceous  cement  Qiiarrymen  often  give  the  name  of 
"grit"  or  "greet"  to  any  hard  siliceous  stone  that  has  a  granular  structure, 
whether  the  grains  be  large  or  small.  The  angularity  of  the  particles  cannot  be 
taken  as  a  character,  since  the  rock  commonly  called  "  millstone  grit "  is  generally 
composed  of  perfectly  round  grains,  sometimes  as  large  as  peas,  and  even  larger ; 
the  stone  then  commencing  to  pass  into  a  conglomerate.  Westgarth  Forster 
alludes  to  the  millstone  grit  as  "a  coarse-grained  sandstone,"  and  describee 
gritstone  or  poststone  as  a  "  freestone  of  the  firmest  kind  .  .  of  a  very  fine 
texture,  and  when  broken,  appearing  as  if  composed  of  the  finest  sand ;"  and 
sandstone,  as  '*an  imperfect  freestone  of  a  coarser  texture  than  post  and  not  so 
hard,"  more  porous,  more  coarse  and  friable,  and  "mouldering  to  sand  when 
exposed  to  the  wind  and  rain." 

Olattconite  or  Oreensand  may  be  mentioned  here,  although  it  really  has  an 
organic  and  chemical  origin  rather  than  a  mechanical  one ;  since  the  green  grains 
which  give  it  its  i>eculiar  character  are  silicate  of  iron  deposited  in  the  cdls  of 

*  See  €mU  under  Trap-tafi;  p.  110.  f  Dana's  Manual,  p.  178. 
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fortminiferons  shells.  It  occurs  in  rocks  of  all  ages  fh>iu  the  Silurian  downwards.* 
The  green  grains  of  true  glauconite  have  a  peculiar  concretionary  aspect  and  dark 
green  colour,  by  which  Uie  rock  may  be  distinguished  from  an  ordinary  green 
sandstone. 

Local  terms  for  varUties  of  Sandstone.f — Many  such  terms  are  in  use  in  this 
country.     The  following  are  among  the  most  frequent : — 

Hock  is  used  generally  to  denote  any  hard  sandstone. 

Rotche,  or  rochcy  is  generally  used  for  a  softer  and  more  friable  stone. 

Rubble  is  rough  angular  gravel,  either  loose  or  compacted  into  stone. 

Hazel  is  a  northern  term  for  a  hard  grit. 

Poet  is  a  northern  term  for  any  bed  of  firm  rock,  generally  sandstone. 

Peldon  is  a  South  Staffordshire  term  for  a  hard,  smooth,  flinty  grit 

CcUliani,  or  gaUiardy  is  a  northern  term  for  a  similar  rock. 

CcUtibrainf  the  form  of  calcareous  sandstone  in  which  the  rock  is  traversed  by  little 
branching  veins  of  carbonate  of  lime. 

Freestone  is  a  term  in  general  use,  which  is  often  applied  to  sandstone,  but  some- 
times to  limestones,  and  even  to  decomposed  granite,  as  in  the  counties  of 
Dublin  and  Wicklow.  It  means  any  stone  which  works  equally /viee^y  in  every 
direction,  or  has  no  tendency  to  split  in  one  direction  more  than  another. 

FaUeee^  a  common  term  in  Scotland  for  a  shaly  or  fissile  sandstone. 

Flagstone  means  a  stone  which  splits  more  freely  in  one  direction  than  any 
other,  that  direction  being  along  the  original  lines  of  deposition  of  the 
rock.  These  stones  are  ordinarily  sandstones,  though  often  veiy  argilla- 
ceous,  and  some  flagstones  are  perhaps  rather  indurated  clay  in  thin  beds  than 
sandstone.     Thin-bedded  limestones  may  likewise  often  be  called  flagstone. 

Oradations  Jrom  Saridstone  into  Cluy. — When  among  the  materials  of  a  sand- 
stone there  occur  any  containing  a  notable  proportion  of  alumina,  we  have  the 
constituents  for  the  formation  of  clay,  and  it  only  remains  for  those  materials  to 
be  ground  down  into  fine  powder  and  mixed  with  water,  either  naturally  or  artifi- 
cially, for  clay  to  be  produced.  While  all  or  any  considerable  portion  of  the  rock 
remains  in  the  form  of  distinct  grains,  we  might  call  it  an  argillaceous  sandstone  ; 
the  passage  fh>m  that  to  a  sandy  clay,  and  then  to  a  pure  clay  or  shale,  being  often 
an  insensible  one. 

Clay. — Perfectly  pure  clay  is  a  hydrated  silicate  of  alumina.  This  is  the 
substance  known  as  **  kaolin,"  or  "  porcelain  clay,"  derived  from  the  decomposi- 

•  Caipenter's  Foraviinijera^  Rny.  Soc.  p.  10. 

t  The  wider  and  more  general  use  of  such  local  terms  may  be  recommended,  not  only  as 
fkcUltating  the  intercourse  between  scientific  geologists  and  our  working  brethren  of  the 
hammer,  but  as  being  often  in  themselves  more  definite  and  precise  in  their  shades  of  mean- 
ing, as  well  as  shorter,  than  our  cumbrous  periphrases  of  Latin  terms.  Many  good,  short, 
clear,  and  genuine  Saxon  names  for  natural  objects,  still  largely  used  by  the  peasantry  of 
difTerent  districts,  have  been  more  or  less  allowed  to  fall  out  of  literary  use,  greatly  to  the 
detriment  of  the  language.  As  instances  we  need  only  mention  the  foUowing  for  forms  of 
ground:— 

Secur  or  Scaur,  A  long  line  of  cliflT. 

Torr  or  Tor,  A  rocky  pinnacle. 

LovKf  A  round  bare  hUl— the  Welsh  moel. 

Coombtf  A  valley— the  Welsh  cwm. 

Cleugh,  A  roundish  mountain  glen,  the  termination  suxrounded  by  steep  hills. 

Strath,  The  alluvial  flat  in  the  bottom  of  a  valley. 

Fell,  A  flat-topped  range  of  hills,  whether  a  ridge,  or  the  edge  of  a  table-land. 

Tom,  A  lake  in  a  oleugh. 

Waterthed,  the  divortia  aquarum,  or  line  of  division  between  the  sources  of  a<j()acent 
running  streams. 
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tion  of  felspar,  from  wbich  the  silicates  of  potash,  soda,  etc.,  have  been  wa^ed 
out.  lu  some  granitic  districts,  the  decomposed  granite  yields  thi8<  substance, 
which  is  carried  down  by  water,  and  deposited  in  hollows,  the  quartz  and 
mica  being  often  left  behind  in  the  state  of  loose  sand.  The  ingredients  of 
pore  porcelain  clay  are  also  sometimes  derived  from  other  rocks,  as  at  Rostellan, 
in  Cork  Harbour,  where  the  highly  inclined  bottom  beds  of  the  Carboniferoua 
limestone  afforded  them  in  considerable  abundance.  The  rock  there  is  a  siliceous 
and  argillaceous  limestone  (though  no  distinct  nodules  or  seams  of  chert  are  visible 
in  the  adjacent  beds),  and  over  one  small  district  the  lime  has  been  almost  entirely 
removed,  leaving  the  silica  and  alumina  behind  in  the  state  of  a  crumbling  powdery 
mass,  which  was  at  one  time  rather  largely  exported  to  the  English  potteries. 
Common  clay,  besides  being  mixed  in  variable  proportions  with  sand,  is  often 
largely  coloured  with  oxide  of  iron,  and  mingled  with  many  impurities.  Any  very 
finely  divided  mineral  matter,  which  contains  from  ten  to  thirty  per  cent  of  alumina, 
and  is  consequently  **  plastic,"  or  capable  of  retaining  its  shape  on  being  moulded 
and  pressed,  would  commonly  be  called  clay.  The  existence  of  a  notable  quantity 
of  argillaceous  matter  in  a  rock  may  be  known  by  the  earthy  odour  it  gives  out 
when  breathed  upon. 

These  clays  have  a  number  of  variofties,  of  which  the  following  are  the  prin- 
cipal : — 

Pipe-day^  free  from  iron,  white,  nearly  pure. 

Fire-clay,  nearly  or  quite  free  fh>m  iron,  and  from  lime  or  alkalies,  often  contain- 
ing carbon,  which  does  not,  however,  prevent  its  forming  bricks  that  will 
stand  the  heat  of  a  furnace.  It  is  probable  that  in  good  fire-clays  the  silica 
and  alumina  exist  in  just  that  definite  proportion  which  on  the  application  of 
heat  would  combine  into  a  true  silicate  of  alumina. 

SkaU,  regularly  laminated  clay,  more  or  less  indurated,  and  splitting  into  thin 
layers  along  the  original  laminae  or  planes  of  deposition  of  the  rock.  It  was 
formerly  called  slate-clayy  as  distinguished  from  clay-slate.  The  colliers*  and 
quarrymen's  terms  for  shale  are  Bind,  or  Bltubind,  Metal,  Plate,  Skiver,  etc. 
'When  very  iine,-and  containing  a  large  proportion  of  carbonaceous  matter,  the 
collier  calls  it  Batt  *  or  Bass,  the  geologist  carbonaceous  (or  bituminous)  shale, 
and  the  coal  merchant  often  **  slate."  In  Scotland  the  collier  s  term  for  shale 
is  Blaes  {blues),  the  shales  being  often  bluish-grey ;  when  lumpy,  they  are 
called  Upey  blaes  ;  black  soft  argillaceous  shales  (or  batts)  are  called  "  dauks  ; " 
the  highly  bituminous  shales  from  which  mineral  oil  is  now  so  largely  extracted 
are  known  as  shaJe  or  oil-sfiale.f  In  the  south  of  Ireland  carbonaceous  shale 
is  called  "  kelve,"  or  "  pindy,"  and  indurated  slaty  shale  is  termed  "  pinsill," 
or  **  pencil,"  as  it  is  used  often  for  slate  pencils.  "  Slig  or  sliggeen"  is  also 
used  indiscriminately  for  shale  and  slate  in  the  south  of  Ireland.  .  In  Caer^ 
marthenshire  the  coal-measure  shales,  which  are  there  highly  indurated,  are 
called  "bluestone." 

Clunch  is  a  common  name  for  a  tough,  more  or  less  indurated,  clay,  often  very 
sandy. 

Loam  is  a  soft  and  friable  mixture  of  clay  and  sand,  enough  of  the  latter  being 
present  for  the  mass  to  be  permeable  by  water,  and  with  little  power  of 
adherence. 

Marl  is  properly  calcareous  clay,  which,  when  dry,  breaks  into  small  cubical  or 

*  This  term  of  "  batt "  is  commonly  applied  in  South  Staffordshire  to  a  lamp  of  shaly 
coal,  which  will  not  continue  to  bum  in  the  fire,  and  therefore  soon  becomes  ash,  and  is 
consequently  of  little  worth ;  the  word  has  gone  out  of  general  use  in  the  English  language, 
except  in  composition,  where  it  is  retained  in  the  word  "  brick-bat  **  for  the  broken  end  of  a 
brick. 

t  See  poit,  tub  voc  Coal,  p.  188. 
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dice-like  fhigments.    The  proportion  of  lime  in  a  marl  may  vary  from  10  to 

60  or  70  per  cent.    Many  clays,  however,  are  commonly  but  erroneously 
*      called  mark,  which  do  not  contain  lime. 
Shell^marl  is  the  marl  found  at  the  bottom  of  an  old  pond  or  lake,  obviously 

formed  from  the  decomposition  of  lacustrine  shells,  some  of  which  may  often 

be  seen  in  it 
ArgiUaceous  Jlagsttme  is  an  indurated  sandy  clay  or  clayey  sandstone,  which  splits 

naturally  into  thick  slabs  or  flags. 
Claif'daU  is  a  metamorphosed  day,  differing  from  shale  in  having  a  superinduced 

tendency  to  split  into  thin  plates,  which  may  or  may  not  coincide  with  the 

original  lamination  of  the  rock.     It  will  be  more  particidarly  described  among 

the  metamorphic  rocks. 
MarlrsUUe  is  a  calcareous  clay-slate. 
Mud  and  silt  are  the  incoherent  and  unconsolidated  materials  of  some  form  of 

argillaceous  rock,  either  clay,  shale,  loam,  or  marl,  according  to  circumstances. 
MudsUme  is  a  name  given  to  a  fine,  argillaceous,  more  or  less  sandy  rock,  which  is 

not  markedly  fiiKile.     It  is,  so  to  speak,  a  non-fissile  shale.     Clay-rock  is  a 

name  sometimes  given  to  a  highly  indurated  mass  of  pure  clay,  not  soft  enough 

to  be  plastic  without  grinding  and  mixing  in  water,  and  not  laminated  as 

ahale,  nor  cleaved  as  slate. 

/9L  Chemically  and  Organically  formed  Aqueous  Bocks. 

liimestone  may  be  hard  or  soft,  compact,  concretionary,  or  crystalline.  It 
consists  of  pure  carbonate  of  lime,  or  contains  silica,  alumina,  iron,  etc.,  either  as 
mechanical  admixtures,  or  as  chemical  deposits  along  with  it  Different  varieties 
of  limestone  occur  in  different  localities,  both  geographical  and  geological,  peculiar 
forms  of  it  being  often  confined  to  particular  geological  formations  over  wide  areas, 
so  that  it  is  much  more  frequently  possible  to  say  what  geological  formation  a 
specimen  of  limestone  was  derived  from  than  one  of  any  other  rock.  No  experi- 
enced  British  geologist  would  be  likely  to  confound  characteristic  specimens  of  the 
limestones  of  the  Silurian,  Carboniferous,  Oolitic,  and  Cretaceous  formations  of  Britain 
and  Western  Europe);  while  no  one  could  pretend  to  distinguish  with  certainty,  from 
mere  lithological  characters,  between  the  argillaceous  or  arenaceous  rocks  of  those 
different  formations. 

Compact  limestone  is  a  hard,  smooth,  fine-grained  rock,  generally  bluish-grey, 
but  sometimes  yellow,  black,  red,  white,  or  mottied.  It  has  either  a  dull  earthy 
fracture,  or  a  sharp,  splintery,  and  conchoidal  one.  It  will  frequently  take  a  polish, 
and  when  the  colour  is  a  pleasing  one,  is  used  as  an  ornamental  marble. 

Crystalline  limesUhie  may  be  either  coarse  or  fine  grained,  varying  from  a  rough 
granular  rock  of  various  colours,  to  a  pure  white,  fine-grained  one,  resembling  loaf 
sogar  in  texture.  This  latter  variety  is  sometimes  called  sacckaroid  or  granular 
limestone,  sometimes  statuary  maride.  The  crystalline  structure  of  limestone  is 
either  original,  when  it  is  often  found  that  each  crystal  is  a  fragment  of  a  fossil,  or 
it  has  been  superinduced  by  metamorphic  action  on  a  limestone  formerly  compact 

Chalk  is  a  white,  fine-grained  limestone,  sometimes  quite  earthy  and  pulverulent, 
sometimes  rather  harder  and  more  compact,  as  the  chalk  of  the  north  of  Ireland,  and 
some  of  that  of  the  north  of  France. 

Oolite  is  a  limestone  in  which  the  mineral  has  taken  the  form  of  little  spheroidal 
concretions,  and  the  rock  looks  like  the  roe  of  a  fish,  from  which  its  name,  signi- 
fying egg,  or  noe-stone,  is  derived.  These  little  concretions  have  several  concentric 
coats,  sometimes  hollow  at  the  centre,  sometimes  enclosing  a  minute  little  grain  of 
siliceous,  or  calcareous,  or  some  other  mineral  substance.  It  is  commo^y  of  a 
dull,  yellow  colour,  but  grey  oolitic  limestone  is  not  unfrequent  Its  peculiar 
structure  gives  it  the  character  of  a  freestone,  that  can  be  cut  with  equal  freedom 
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in  any  direction;  whence  its  value  as  a  building  stone.  Bath  stone,  Portland 
stone,  Caen  stone,  are  well-known  examples  of  oolitic  limestone,  but  the  oolitic 
structure  is  by  no  means  confined  to  what  is  known  as  the  Oolitic  formation,  since 
many  parts  of  the  Carboniferous  limestone  of  Ireland  *  are  equally  oolitic  and  highly 
valued  as  building  stone,  and  the  structure  occurs  even  among  the  recent  lim^tone 
of  coral-reefs. 

Pisolite  is  a  variety  of  oolite,  in  which  the  concretions  become  as  lai^  as  peas. 
A  piBolitic  limestone  near  Cheltenham  is  spoken  of  by  the  quarrymen  as  the  **pea 
grit.**  It  is  a  structure  not  confined  to  limestone,  however,  as  other  rocks  occa- 
sionally assume  it,  as  also  the  ores  of  some  metals. 

Many  limestones  are  named  from  their  containing  some  peculiar  variety  of 
fossil,  as  Nummulite,  Clymenia,  Crinoidal  limestone,  and  Shell  limestone  or  Mus- 
chelkaUt.  Others  have  local  names  given  them,  as  the  Calcaire  grossier  of  Paris,  a 
coarse  limestone,  some  beds  of  which  are  used  for  building,  while  others  are  a  mass 
of  broken  shells.  Cipolino  is  a  granular  limestone  containing  mica  and  talc ;  Ma- 
joUcOt  ft  white,  compact  limestone ;  Scagliat  a  red  limestone  in  the  Alps ;  Opki- 
calcite  or  Serpentine  limestone,  a  fine-grained  limestone,  full  of  veins  and  nests  of 
serpentine  (ophite).  Ireland  especially  abounds  in  a  great  variety  of  limestones 
used  for  ornamental  marbles,  such  as -the  green  serpentine-marble  of  Ballynahiuch 
in  Galway,  the  black  marble  of  Kilkenny,  Uie  brown,  red,  and  dove-coloured  marble 
of  Cork  and  Armagh ;  and  many  others  less  known,  and  some  of  them  unworked, 
but  equally  beautiful  with  those  that  are.  In  Derbyshire  and  North  StafToid- 
shire  we  have  a  similar  abundance  of  ornamental  marbles. 

IVesh-'uxUer  {lacustrine)  limestones  have  commonly  a  peculiarity  of  aspect,  from 
which  their  origin  may  sometimes  be  suspected,  even  before  examining  their 
palsBontological  contents,  or  petrological  relations.  They  are  generally  of  a  very 
smooth  texture,  and  either  dull  white  or  pale  grey,  their  fracture  only  slightly 
conchoidal,  rarely  splintery,  but  often  soft  and  earthy.  Shell-marl  is  a  soft,  white, 
earthy  form  of  fresh-water  limestone,  formed  by  an  aggregate  of  shells,  and  caor 
taining  a  variable  quantity  of  clay. 

Travertine^  when  massive,  is  generally  of  a  yellow  or  brown  colour,  and  a 
smooth  and  compact  texture,  but  is  sometimes  perfectly  crystalline.  It  is  often 
mottled  with  concentric  spheroidal  bands  of  colour,  from  an  inch  to  several  feet  in 
diameter. 

Stalactites  and  StaUtgmites  are  usually  white  or  pale  yellow  in  colour,  but 
sometimes  of  a  darker  yellow  or  brown  colour.  They  are  commonly  wrinkled 
externally  in  little  ridges,  taking  the  form  of  the  successive  films  of  water  that 
trickled  over  the  surface,  while  internally  they  exhibit  concentric  coats,  each 
deposited  by  one  of  these  films.  It  often  happens,  however,  that  radiating  crystal- 
line plates,  some  even  half-an-inch  in  diameter,  traverse  these  coats  without 
obliterating  them,  showing  that  the  whole  has  become  crystalliue  internally,  sub- 
sequently to  the  formation  of  the  concentric  coats. 

Siliceous  Limestone. — The  silica  diffused  through  the  calcareous  mud,  of  which 
the  limestone  was  composed,  has  sometimes  remained  so  diffused,  instead  of 
separating  as  nodules  or  layers,  producing  a  cherty  or  siliceous  Umestone.  In 
chalk,  masses  of  silica  (flint)  are  found  abundantly  in  nodules  and  irregular 
aggregates.  Chert,  a  mixture  of  silica  with  lime,  occurs  in  layers  and  concre- 
tions in  many  limestones.  These  accretions  will  be  described  in  a  subsequent 
chapter. 

Argillaceous  Limestone. — Clay,  or  argillaceous  matter,  has  frequently  been 

*  The  limestone  in  the  neighbourhood  of  Edendeny,  in  County  Kildare,  and  large  parts 
of  the  Carboniferoufl  limestone  of  the  counties  of  Limerick,  Tipperary,  Queen's  County,  and 
Mayo,  are  i>erfectly  ooUtio  in  stmcture,  sometimes  more  regularly  so  than  the  majority  of 
the  oolites  belongtog  to  that  which  is  called  the  OoUtic  formation. 
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deposited  with  the  calcareous,  prodncing  argUtaceoua  limeaiom,  which  may  he 
known  by  the  earthy  odour  given  out  by  it  when  breathed  upon. 

Hydraulic  Limestone. — Limestone  containing  a  certain  proportion  of  silica  and 
aliuuinjt  forms  a  mortar  that  sets  under  water,  and  is,  therefore,  called  hydraulic 
Ume,  According  to  GmeUn  it  is  a  marly  limestone,  but  should  not  contain  more 
than  20  per  cent  of  clay.  He  says,  that  hydraulic  mortar  is  a  pasty  admixture  of 
lime,  silica,  and  water,  which,  when  immersed  in  water,  is  gradually  converted  into 
silicate  of  lime,  containing  water  of  crystallisation,  and  hardens  to  a  compound 
resembling  zeolite.* 

Carbcnaceous  or  Bituminous  LiiMstone. — Carbonaceous  matter,  derived  either 
from  decaying  vegetables,  or  perhaps  more  frequently  from  the  decomposing  ani- 
mals of  whose  hard  parts  the  rock  is  composed,  produces  in  like  manner  the  black 
UmestoneSf  which  are  in  some  instances  cdled  bilumdnous  limestones.  Little  nests 
of  black  carbonaceous  matter  are  sometimes  found  in  the  hollows  of  shells  buried 
in  limestone.  In  some  regions,  as  in  the  oil  districts  of  Canada,  the. cavities  of 
limestone  are  found  filled  with  petroleum  or  mineral  oil. 

Fetid  Limestone  or  Stinkstein. — The  fetid  smell,  like  that  of  sulphuretted 
hydrogen  gas,  given  off  by  many  limestones  when  struck  with  a  hammer,  is  pro- 
bably another  result  of  the  decom{x>sition  of  animal  matter,  producing  what  is 
called  **/etid  Umestone,"  or,  by  the  Germans,  ** stinkstein,**  Some  of  the  lime- 
atone  quarries  in  the  carboniferous  limestone  of  Ireland  may  be  smelt  at  a  distance 
of  a  hundred  yards  when  the  men  are  at  work,  and  in  one  instance  the  author  was 
informed  by  the  quany-master  that  the  men  at  work  in  a  particular  part  of  the 
quarry  were  sometimes  quite  sickened  by  the  stench,  and  had  to  leave  off  work  for 
a  time. 

Arenaceous  Limestone  or  Comstone. — Calcareous  sandstone  has  already  been 
described  (p.  127),  and  an  arenaceous  limestone  is  very  much  the  same  thing.  Some- 
times, however,  the  calcareous  matter  predominates  so  largely  over  the  arena- 
ceous that  the  rock  is  fairly  a  limestone,  and  is  known  as  comstone.  Some  corn- 
stones  are  quarried  and  burnt  for  lime,  not  differing  in  composition  from  a  slightly 
siliceous-looking  limestone,  and  being  either  compact  or  horn-like  or  semi-crystal- 
line in  texture. 

Conglomeratic  Limestone. — Some  limestones  contain  angular  or  rounded  frag- 
ments of  other  rocks,  and  thus  become  a  conglomerate.  In  the  county  of  Dublin 
some  of  the  limestones  belonging  to  the  carboniferous  formation  contain  fragments 
of  trap,  grit,  or  slate,  varying  in  size  from  mere  sand  up  to  blocks  of  eighteen 
inches  in  diameter,  and  in  quantity  from  a  few  dispersed  pieces  scattered  through 
the  limestone  until  they  form  a  mere  conglomerate  of  other  materials,  cemented  by 
an  almost  invisible  paste  of  calcareous  matter.  In  the  county  Limerick  we  find,  in 
like  manner,  gradations  from  pure  limestone,  containing  a  few  chips  of  trap  and 
trap-tuff,  or  a  few  layers  of  trappean  sand,  up  to  a  calcareous  brecciated  tuff,  con- 
sisting of  such  a  mixture  of  calcareous  and  trappean  materials  that  it  is  difficult 
sometimes  to  say  whether  any  particular  bed  should  be  called  a  limestone  or  a  trap- 
tuff.  In  other  parts  of  the  county  Dublin  from  those  above  mentioned,  and  in  the 
more  immediate'  neighbourhood  of  the  granite  hills,  the  limestone  contains  frag- 
ments of  granite  varying  in  the  same  way  as  regards  size  and  shape,  but  frequently 
quite  angular,  and  sevwal  inches  in  diameter,  f  Flat  slabs  of  mica-schist  have 
since  been  found  imbedded  in  the  limestone  of  Milltown,  near  Dublin,  by  Mr. 
Carroll  and  others.     In  the  counties  of  Galway  and  Sligo,  near  Oughterard  and 

*  Omain,  vol.  iii.,  p.  880. 

t  These  were  first  described  by  Dr.  Lentaigne  in  a  paper  read  before  the  Royal  Dublin 
Society  in  1851,  and  a  number  of  specimens  were  sent  by  him  to  the  Qreat  Exhibition  in 
London  of  that  yeiv.  They  were  subsequently  brought  before  ^  notice  of  the  Geological 
Society,  Dublin,  by  Professor  Haughton. 
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Castlehar,  at  the  boundary  of  the  limeetone  fonnation,  some  of  the  CTyBtalliDe 
crinoidal  limeBtones  become  so  full  of  angular  fragments  of  crystalline  qnaitx  that 
their  weathered  surfaces  look  like  a  coarse  quartcose  sandstone.  In  some  parts  the 
limestone  has  also  a  well-developed  oolitic  structure,  so  that  the  rock  may  be 
described  as  a  "siliceous,  conglomeratic,  crystalline,  crinoidal,  oolitic  limeetoDe.** 
These  unrounded  fragments  of  granite  and  mica-schist  may  have  been  derived  from 
the  waste  of  pinnacles  of  the  rock  forming  islets  in  the  sea  in  which  the  limestone 
was  deposited,  or  they  may  in  some  cases  have  been  floated  in  the  roots  of  trees  and 
other  vegetables,  just  as  in  the  present  day  pebbles  of  hard  stone,  hi^y  valued 
by  the  natives,  are  found  in  the  roots  of  trees  cast  up  upon  the  shore  <^  archipela- 
goes of  coral  islands  in  the  Pacific,  as  mentioned  by  Ghamisso  and  Darwin.  Mr. 
Godwin  Austen  has  described  the  occurrence  of  a  boulder  of  Scandinavian  granite, 
with  sand  and  a  pebble  of  greenstone,  in  the  chalk  near  Croydon,  which  he  believes 
were  transported  by  ice  from  northern  latitudes.* 

Sottensione. — Wherever  a  compact  siliceous  limestone  is  weathered  or  decom- 
posed  by  the  action  of  the  atmosphere,  and  the  calcareous  part  removed,  the  sili- 
oeous  skeleton  of  the  rock  is  left,  producing  what  is  known  as  rottenstone.  In 
arenaceous  limestones,  or  calcareous  sandstones  or  trap-tuffs,  a  similar  dark- 
coloured,  more  or  less  rotten  rock,  is  left  by  the  weathering  out  and  removal  of 
the  calcareous  matter.  In  many  cases  where  a  ferruginous  limestone  decomposes, 
the  calcareous  parts  are  dissolved  and  removed,  leaving  a  fine  pulverulent  porous 
mass  of  ochre. 

Magnesian  Idzaestone  or  Doloinit6.--Carbonate  of  magnesia  is  often  found 
in  marine  limestones,  mingled  in  various  proportions  with  the  carbonate  of  lime. 
Its  occurrence  in  small  quantity  frequently  gives  a  sandy  appearance  and  gritty 
feel  to  an  otherwise  smooth  and  compact  limestone.  In  a  true  magnesian  limestone 
or  dolomite,  the  crystallisation  and  the  pearly  lustre  are  generally  very  distinct, 
though  sometimes  the  crystals  are  minute.  Its  colour  is  commonly  some  shade  of 
brown  or  yellow,  occasionally  tinged  with  red;  white,  grey,  or  black  varieties, 
however,  occur  sometimes  over  very  large  areas.  Dolomite  is  frequently  full  of 
cavities  from  the  size  of  walnuts  up  to  that  of  a  man's  head,  and  these  are  ofken 
coated  with  crystals  of  bitter-spar,  t  Dolomite  is  often  quite  disintegrated,  and 
looks  like  a  mere  sand  ,*  but  when  examined  by  the  lens,  this  apparent  sand  is 
found  to  consist  of  little  detached  crystals.  Magnesian  limestone  is  very  variable 
in  lithological  character.  It  is  sometimes  of  a  powdery,  earthy,  and  friable  texture; 
sometimes  splits  into  thin  slabs,  some  of  which  are  flexible ;  sometimes  forms  sin- 
gular concretionary  masses,  as  will  be  described  in  a  following  chapter.  This  rock 
appears  to  be  in  many,  if  not  in  most,  cases  a  product  of  the  gradual  metamor- 
phosis of  ordinary  limestone,  carbonate  of  magnesia  replacing  carbonate  of 
Ume.^ 

Gypsum  occurs  as  a  jock  in  various  ways.  It  sometimes  forms  regular 
beds,  sometimes  irregular  concretionary  maiiBses,  sometimes  veins  and  strings  in  the 
mass  of  other  rocks.  Compact  Oypsum  or  Alabaster  %  is  one  variety  ;  granular, 
finely  cryetaUine  gypsum  another.  The  thin  beds  and  the  veins  and  strings  of 
gypsum  are  commonly  fibrous,  the  fibres  being  at  right  angles  to  the  planes  of  the 
beds  and  to  the  walls  of  the  veins.  The  gypsum  of  Montmartre,  frx>m  which 
plaster  of  Paris  is  derived,  is  chiefly  granular  gypsum,  each  bed  being  composed 

♦  Quar.  Jcfwr.  GtoL  Soc,  voL  Jdv.  p.  26S. 

t  Any  cavity  in  any  rock  lined  witli  crystals  of  any  substance  is  called  a  dnuy  cavity. 

X  This  has  been  shown  by  Mr.  Sorby  fh>m  the  microscopic  examination  of  dolomites. 
Bee  also  the  chemistry  of  dolomitisation  discnssed  by  fiiscboff,  vol.  iii.  chap.  liiL 

I  Alabaster  is  so  named  fh>m  Alabastron,  a  town  of  Egypt,  where  it  was  mannfaotured 
into  boxes  for  ointment.  The  term  " alabaster"  was  then  applied  to  carbonate  of  lime,  as 
well  as  sulphate  of  lime. 
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oi  many  layers  of  little  crystals,  slightly  differing  in  colour  and  texture,  atnd  thus 
astuming  a  regularly  laminated  appearance.  This  would  lead  us  to  suppose  that 
this  rock,  which  is  associated  with  fresh- water  limestones  and  marls,  was  formed 
hy  the  periodical  deposition  of  layers  of  small  crystals  of  sulphate  of  lime  at  the 
bottom  of  the  water. 

Bock-Bait  commonly  occurs  in  England  and  Ireland  as  a  rudely  crystal- 
line,  irregularly  bedded  mass,  commonly  stained  of  a  dirty  red  by  the  mixture  of 
ferruginous  clay  and  other  impurities.  Perfect  cubical  and  transparent  crystals 
occasionally  occur,  and  curious  spheroidal  bands  of  a  white  colour  are  sometimes 
observable  in  the  roof  of  a  salt-mine.  Bed-like  masses  of  rock-salt  are  often  60 
or  90  feet  thick,  thinning  out  probably  in  all  directions,  and  thus  taking  the  form 
of  large  cakes.  In  other  countries,  more  numerous  beds  occur,  but  not  making 
up  la^er  manses.  In  some  of  these  the  salt  is  perfectly  pure  and  white  ;  but  the 
association  of  salt  with  gypsum,  and  with  green,  red,  and  variegated  marls,  is 
probably  everywhere  a  frequent  if  not  invariable  occurrence.  The  connection  of 
gypsum  with  rock-salt  is  natural  and  almost  inevitable  ;  but  the  accompaniment 
of  red  and  variegated  clays  has  not  yet  been  explained.  When  it  is,  it  will  pro- 
bably throw  great  light  on  the  circumstances  under  which  the  rock-salt  itself  has 
been  deposited.     Dolomite  is  also  often  found  in  connection  with  rock-salt 

Coal  is  a  term  rather  of  commercial  than  of  strictly  scientific  language. 
It  is  used  to  describe  any  rock  which  consists  almost  wholly  of  carbon,  and  which 
is  capable  of  being  employed  by  itself  as  tueL  By  geologists  it  is  usually  re- 
stricted to  those  stratified  rocks  which  have  been  formed  by  the  fossilisation  of 
ancient  v^etation  either  on  the  places  where  the  vegetation  grew  or  on  tiiose  into 
which  it  was  drifted.*  It  is  a  word  of  generic  application,  and  includes  many 
varieties. 

Coal  is  yery  commonly  divided  into  bituminous  and  non-bituminous.  Bitu- 
men is  rather  a  vague  term,  including  several  combustible  substances,  such  as 
asphalt  or  mineral  pitoh,  elas^c  bitumen  or  mineral  caoutchouc,  naphtha, 
petroleum,  etc  These  bituminous  substances  are  all  either  fluids,  or  are  readily 
soluble  in  alcohoL  It  is,  however,  impossible  to  dissolve  any  appreciable  portion 
of  coal  in  alcohol,  whidi  shows  that  it  does  not  contain  any  actual  bitumen, 
though  it  may  contain  the  constituents  of  it.  The  natural  and  artificial  bitumens 
are  the  result  of  the  decomposition  of  vegetable  matter,  and  may  be  extracted  also 
from  coal  by  sul^ecting  it  to  distillation.  They  always  contain  from  7  to  9)  per 
cent  of  hydrogen,  combined  with  carbon  and  oxygen.  The  so-called  bituminous 
coals,  then,  are  ^ose  in  which  the  mineralising  process  has  only  proceeded  to  a 
certain  extent,  leaving  a  considerable  proportionate  amount  of  hydrogen  and 
oxygen  in  their  composition ;  while  those  called  non-bituminous  are  those  fh>m 
which  a  greater  quantity  of  the  latter  substances  have  been  extracted,  and  a 
larger  proportion  of  carbon  left  behind.  If  the  decomposition  of  wood  results  in 
the  formation  of  carbonic  acid  gas,  which  takes  away  both  carbon  and  oxygen,  or 
of  carboretted  hydrogen,  which  takes  away  a  large  proportion  of  carbon,  the 
carbon  in  the  remainder  will  not  be  in  such  excessive  proportion,  and  the  con- 
stituents of  the  resulting  coal  will  more  nearly  resemble  those  of  bitumen.  In 
this  sense  they  may  be  called  bituminous  coals.  If,  however,  a  large  portion  of 
the  oxygen  and  hydrogen  be  extracted,  either  as  water  or  in  any  otiier  form,  the 
proportion  of  carbon  in  the  remainder  becomes  excessive  compt^red  with  that  in 
the  composition  of  bitumen  ;  and  hence  the  coals  may  be  called  non-bituminous. 

Coals  vary  greatly,  not  only  in  the  proportions  of  their  essential  constituents 
— carbon,  hydrogen,  and  oxygen — but  also  in  the  amount  of  earthy  matter  (form 
ing  ash)  which  has  been  accidentally  and  mechanically  mingled  with  those  con- 
stituents.    The  percentage  of  ash  is  sometimes  as  much  as  35  per  cent  in  coals 

*  The  origin  of  coal  is  more  fally  treated  in  a  subsequent  chapter. 
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that  have  been  regularly  analysed.  In  poorer  varieties  of  coal,  however,  aach  as 
are  never  brought  to  market,  but  which  are  occasionally  used  in  particular  localir 
ties,  this  percentage  must  be  still  greater ;  and  we  have  in  nature  every  gradation, 
f!rom  pure  coal  into  a  mere  carbonaceous  (commonly  ciUled  bituminous)  shale  or 
'*  batt,"  which  often  contains  enough  inflammable  matter  to  give  out  flame  and 
support  combustion  for  a  time  when  burnt  with  better  coals,  but  soon  passes  into 
a  lump  of  ssh,  unaltered  in  form,  and  not  retaining  heat  longer  than  a  brickbat 
would  under  similar  drcufnstances.  These  batts,  shales,  or  slates,  often  accom- 
pany coal,  being  found  not  only  either  just  above  or  just  below  it,  but  in  it,  in 
the  form  of  thin  seams,  layers,  or  cakes,  which  are  oftcoi  not  to  be  separated  from 
it  without  some  trouble.  Just  as  limestone  is  often  mingled  with  clay,  and 
passes  through  argillaceous  limestone  and  calcareous  clay  (or  marl)  into  clay 
itself  so  coal  passes  through  earthy  or  ashy  coal,  and  carbonaceous  shale,  into 
common  shale  or  day,  no  very  hard  boundary-line  being  to  be  drawn  between  the 
many  minor  graduating  varieties  of  the  different  substances.  Discarding  the 
impure  or  imperfect  coids,  the  recognisable  varieties  of  good  coal  are  snffidoitly 
numerous.  They  may  be  grouped  under  three  heads-— anthradte,  ordinary  or 
pit  coal,  and  brown  coal  or  lignite. 

Brovm  Coal  or  Lignite  sometimes  shows  the  structure  of  the  plants  from 
which  it  is  derived  but  little  altered  from  their  original  condition ;  stems  with 
woody  fibre  crossing  each  other  in  all  directions.  "  It  is  of  a  more  or  less  dark 
colour,  soft  and  mellow  in  consistence  when  freshly  quarried,  but  becoming 
brittle  by  exposure,  the  fracture  following  the  direction  of  the  fibre  of  the  wood. 
Other  kinds  present  only  occasional  distinct  indications  of  vegetable  structure, 
and  appear  throughout  as  a  stratified  mass  of  a  dark,  nearly  black  colour,  with 
an  earthy  fracture  ;  while  in  some  varieties  the  structure  is  still  more  dense,  and 
the  fhtcture  is  conchoidal."  *  The  latter  varieties,  as  in  the  case  of  the  Bovey 
coal  of  Devonshire,  are  often  scarcely  distinguishable  by  any  external  characters 
fh>m  some  varieties  of  ordinary  coal. 

Ordinary  or  Pit  Coal  has  many  varieties ;  indeed,  these  are  often  as  numerous 
as  the  different  seams  of  a  coal-field,  and  even  the  different  beds  of  a  compound 
seam  are  readily  distinguished  from  each  other  by  the  colliers,  who  give  particular 
names  to  them  ;  and  even  small  blocks  of  these  varieties  can  be  recognised  by 
them,  and  identified  with  the  seam,  or  part  of  a  seam,  from  which  they  are  derived. 
Not  only  do  the  different  beds  of  a  compound  seam  present  distinguishable  varie- 
ties, but  it  sometimes  happens  that  the  very  same  identical  layer  of  coal  changes 
its  character  and  quality  in  dlff'erent  parts  of  its  area.  Neither  are  these  distinc- 
tions, which  are  only  to  be  perceived  after  long  practice,  unimportant,  since  these 
varieties  have  distinct  qualities,  some  of  them  being  better  adapted  to  smdting, 
and  said  to  be  "good  furnace  coal;"  some  of  them  to  blacksmith's  work,  or 
''good  shop  coal;"  others  to  various  uses;  while  only  a  few,  comparatively, 
are  best  fitted  for  domestic  purees,  and  are  brought  to  market  by  the  coal- 
merchant,  f 

Some  idea  of  the  number  of  varieties  of  coal  may  be  gained  firom  an  inspection 
of  the  report  of  the  Admiralty  Coal  Investigation,  $  as  well  as  from  the  varying 
qualities  of  those  which  we  are  in  the  habit  of  using  daily  in  our  houses.  "  As 
many  as  seventy  denominations  of  coal  are  said  to  be  imported  into  London  alone."  § 
All  these  minute  varieties  are  commonly  included  under  four  principal  heads. 
1.  Caking  Coal  is  so  named  from  its  fusing  or  running  together  in  the  fire,  so  as 
to  form  clinkers,  requiring  frequent  stirring  to  prevent  the  whole  mass  being 

*  Chemical  Technology ,  Ronalds  and  Richardson,  vol.  L  p.  82. 

t  Bee  Memoirs  cf  Geol  Survey ^  South  Staffordshire  Coal-field,  2d  edition,  p.  18. 

}  Mems.  Qtolog.  Survey^  vol.  i. 

I  Ronalds  and  Richardson,  Chem.  Tech. 
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welded  together.  It  breaks  commonly  into  small  fragments  with  a  short  nneven 
fractore.  The  Newcastle  coal,  and  many  others  from  different  localities,  are 
caking  coals.  They  leave  many  cinders  and  a  dark  dirty  ash.  2.  Splint  or 
Hard  Coal  is  well  known  in  the  Scottish  coal-fields.  It  is  not  easily  broken, 
nor  is  it  easUy  kindled,  though  when  lighted  it  affords  a  clear  lasting  fire.  It 
can  be  got  in  much  larger  blocks  than  the  caking  coals,  and  is  now  largely 
used  as  a  steam-coal.  8.  "  Cherry  or  Soft  Coal  is  an  abundant  and  beautiful 
Tariety,  yelvet  black  in  colour,  with  a  slight  intermixture  of  grey.  It  has 
a  splendid  or  shining  resinous  lustre,  does  not  cake  when  heated,  has  a  clear 
dialy  fracture,  is  easily  frangible,  and  readily  catches  fire."*  It  leaves  compara- 
tively few  cinders,  and  its  ash  is  white  and  light  It  requires  little  stirring, 
and  gives  out  a  cheerful  flame  and  heat.  The  Staffordshire  coals  principally 
belong  to  this  variety.  4.  Cawnel  or  Parrot  Coal  is  called  cannel  from  its  burning 
with  a  clear  flame  like  a  candle,  and  parrot  in  Scotland  from  its  crackling  or  chat- 
tering  when  burnt.  Cannel  coal  varies  much  in  appearance,  from  a  dull  earthy 
to  a  brilliant  shiny  and  waxy  lustre.  It  is  always  compact,  and  does  not  soil  the 
fingers.  Its  fracture  is  sometimes  shaly,  sometimes  conchoidal.  The  bright 
shiniDg  varieties  often  bum  away  like  wood,  leaving  scarcely  any  cinders  and  only 
a  little  white  ash.  The  duller  and  more  earthy  kinds  leave  a  white  ash,  retaining 
nearly  the  same  size  and  shape  as  the  original  lumi>s  of  coal.  Cannel  coal  often 
takes  a  good  polish,  and  can  be  worked  into  boxes  and  other  articles. 

Jet  is  an  extreme  variety  of  cannel  coal  in  one  direction,  as  hatt  or  carbonaceous 
■hale  is  in  another. 

AnOvraeUe  is  heavier  than  common  coal,  with  a  glossy,  often  iridescent  lustre, 
and  a  more  completely  mineralised  appearance.  It  rarely  soils  the  fingers,  has  a 
distinctly  sharp4dged  conchoidal  frticture,  or  else  breaks  readily  into  small  cubical 
lumps.  It  is  not  easily  ignited,  but  when  burning  gives  out  an  intense  heat,  so 
as  to  sometinoes  melt  the  bars  of  the  grate  or  furnace  in  which  it  is  used.  It 
does  not  flame,  and  gives  off  but  little  smoke,  being  in  this  respect  similar  to 
coke  or  charcoaL  In  many  ordinary  coals  little  flakes  of  mineral  charcoal  occur, 
retaining  that  part  of  the  vegetable  structure  called  the  vascular  tissue.  They 
are  called  ''mother  of  coal"  by  the  colliers  in  some  places.  It  is  frequently 
seen  in  the  form  of  a  thin  silky  coating,  covering  some  of  the  surfaces  of  the 
coaLf 

The  FoM  or  Cleet  o/CoaL — Most  coals  have  a  peculiar  structure,  which  bears 
a  slight  analogy  to  the  crystallisation  of  a  mineral  They  break  or  split  not  only 
along  the  bedding,  but  across  it,  along  two  sets  of  planes  at  right  angles  to  the 
bedding  and  to  each  other.  The  smooth  clean  faces  produced  by  one  of  these  planes 
are  more  marked  and  regular  than  those  produced  by  the  other,  as  may  be  seen  by 
examining  any  lump  of  coal.  The  principal  of  these  division  planes  are  called  by 
the  colliers  the  /ace  of  the  coal,  the  other  being  qalled  the  back  or  end  of  the  coaL 
They  preserve  their  parallelism  sometimes  over  very  wide  areas ;  and  the  mode  of 
working  or  getting  the  coal,  and  the  direction  of  the  galleries,  is  governed  by  the 
direction  of  the  /ace.  It  is  a  structure  which  is  probably  the  result  of  the 
mineralising  process  undergone  in  passing  from  an  organic  to  an  inorganic  state, 
or  rather,  perhaps,  from  an  incoherent  to  a  consolidated  condition,  and  is  a 
case  of  the  "  joint "  structure  of  rocks,  under  which  head  it  will  be  spoken  of  in  a 
subsequent  chapter.  :j: 

*  Ronalds  and  Richardson,  Chen,  Ttch. 

t  Hieroscopal  examination  exhibits  not  only  the  vascular  but  the  cellular  tissue  of  plants 
in  the  substance  of  many  coals,  as  was  shown  by  Hr.  Wilbam  in  his  work  on  the  structure 
of  fMsU  plants,  and  by  many  observers  since.  See  also  Harkness,  Edin.  New  Phil.  Journal, 
July  1864. 

t  See  Chap.  VII. 
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ComponHon  of  Coals, — ^The  following  analyses  show  the  chemical  constitiieiits 
in  some  of  the  principal  varieties  of  coal : — 


Lignite. 

Splint  CoaL 

CannelCoaL 

Antiuracite. 

Carbon 

71-0 

79-58 

66-4 

91-44 

Hydrogen 

47 

6-60 

7-54 

8-46 

Oxygen 

22-3 

8-38 

10-84 

2-58 

Nitrogen 

118 

1-86 

0-21 

Earthy  substances 

2-1 

5-46 

18-82 

2-81 

Under  the  head  of  shale,  in  a  previous  page  of  this  chapter,  reference  was 
made  to  certain  highly-bitnminons  strata  which  are  now  much  employed  in  the 
manufacture  of  paraffin  oil,  and  to  which  the  name  of  Oil-shale  has  been  given 
in  commerce.  These  strata  are  in  a  geological  sense  true  shales.  They  consist  of 
fissile  argillaceous  layers,  highly  impregnated  with  bituminous  matter,  and  while 
their  extreme  limit  on  the  one  hand  passes  into  common  shale,  on  the  other  it 
graduates  into  cannel  or  parrot  coaL  Of  these  oil-shales  the  richer  varieties  yield 
from  80  to  40  gallons  of  crude  oil  to  the  ton  of  shale.  They  are  distinguished 
from  non-bituminous  or  feebly  bituminous  shales  by  a  peculiarity  which  is  very 
marked  throughout  the  shale  districts  of  Scotland — ^viz.  that  when  a  thin  paring 
is  cut  along  a  surface  of  shale  it  curls  up  in  fW>nt  of  the  knife,  and  leaves  a  brown 
lustrous  streak.  Some  of  the  shales  in  that  district  are  crowded  with  the  valves 
of  entomostracan  crustaceans,  and  it  is  possible  that  the  bituminous  matter  may 
in  some  cases  have  resulted  from  animal  organisms,  though  the  abundance  of 
plant  remains  in  the  adjoining  strata  indicates  that  it  is  probably  in  most  cases  of 
vegetable  origin.* 

in.— AEBIAIi  BOCKS. 

The  deposits  accumulated  by  atmospheric  agencies,  such  as  drift- 
sand,  soil,  and  brick-earth,  do  not  form  important  rock-masses  such  as 
we  have  hitherto  been  considering.  But  the  study  of  their  formation 
is  of  the  highest  consequence  in  enabling  us  to  understand  the  processes 
by  which  the  surface  features  of  the  earth  are  modified,  lliey  will 
therefore  be  more  fitly  noticed  imder  the  section  which  treats  of  geolo- 
gical agencies. 

IV.—METAMOBFHIG  HOCEa 

The  rocks  which  are  now  to  be  described  have  received  the  name 
metamorphic,  or  altered,  to  indicate  the  fact  that  they  are  sedimentary 
(or  in  some  cases  igneous)  rocks  which  are  not  now  in  their  original 
condition,  but  have  been  subjected,  at  a  greater  or  less  depth  within  the 
crust  of  the  earth,  to  a  process  called  metamorphism,  whereby  a  re- 
arrangement of  their  constituent  elements  has  been  effected,  and  in 
most  cases  a  crystalline  texture  has  been  developed.  The  nature  of 
this  process  will  be  more  properly  noticed  in  a  subsequent  chapter. 

*  Besides  the  entomostraca  referred  to  in  the  text,  scales  of  several  species  of  small 
ganoid  fishes  {PalcBoni»oMS,  AmblyptenUf  etc.X  are  often  abundant  in  the  shales,  while  oopro- 
Utes  of  some  of  the  larger  ganoids  (AfsgoUdUAys  and  Khitodua)  are  not  uncommon. 
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At  present  we  are  concerned  with  the  character  and  composition  of  the 
rocks  themselves. 

The  metamorphic  rocks  may  be  divided  into  two  sub-groups,  those  in 
which  the  original  mineral  texture  is  still  recognisable — the  particles, 
however  they  may  have  altered  their  form  and  state,  not  having  entered 
into  new  combinations — and  those  where  such  new  combinations  have 
been  produced.  The  former  sub-group  will  accordingly  consist  of  altered 
arenaceous,  argillaceous,  and  calcareous  rocks,  while  the  members  of 
the  latter  may  be  arran^^ed  in  three  sections — the  compact  or  crypto- 
crystalline^  the  schistose^  and  the  crystalline-granular  or  granitic 

SUB-GROUP  I. 

a.  Metamorphosed  Arenaoeoua  Books. 

Quarts-Book  or  Quartsite  is  a  compact,  fine-grained,  but  distinctly  granu- 
lar rock,  veiy  hard,  frequently  brittle,  and  often  so  divided  by  joints  as  to  split  in 
all  direetions  into  small  angular  but  more  or  less  cuboidal  fragments.  Its  colours 
are  generally  some  shade  of  yellow  or  white,  passing  occasionally  into  red,  and  at 
other  times  into  green.  When  examined  with  a  lens  it  may  be  seen  to  be  made 
of  rounded  grains,  which  appear  to  be  imbedded  in  a  purely  siliceous  glassy-looking 
cement  This  cementation  or  semi-fusion  of  the  grains  shows  at  once  that  it  is  a 
sandstone  which  has  been  altered  and  indurated  by  the  action  either  of  heat  alone 
or  of  heated  water.  Quartz-rock  forms  ranges  of  lofty  mountains,  as  among  the 
Highlands  and  Western  Islands  of  Scotland,  where  it  occurs  as  one  of  the  members 
of  a  huge  metamorphic  series.  Along  the  sides  of  many  trap-dykes,  sandstone 
trsTersed  by  the  dykes  is  found  to  be  indurated  into  quartz-rock,  and  sometimes 
even  made  columnar,  the  columns  ranging  outwards  from  the  surface  of  the 
dyke. 

The  student  must  carefully  distinguish  between  quartz-rock  or  quartzite,  as 
here  described,  and  pure  vein-quartz,  which  occurs  sometimes  as  a  white  compact 
rock,  in  considerable  mass,  but  always  as  a  vein  traversing  other  rocks.  It  has 
none  of  the  granular  structure  characteristic  of  quartz-rock.  The  **  quartz-rock," 
so  often  spoken  of  in  Australia,  is  rarely,  if  ever,  true  quartz-rock,  but  vein-quartz ; 
not  an  altered  bed  of  sandstone  contemporaneous  with  the  rocks  in  which  it  lies, 
but  a  deposition  in  a  vein  or  fissure  produced  subsequently  to  the  consolidation 
of  the  rocks  it  traverses.  In  a  collection  of  European  rocks  purchased  from 
Erantz  of  Bonn  by  the  Museum  of  Irish  Industry,  among  seven  specimens 
of  so-called  quartzite,  at  least  five  were  undoubtedly  vein-quartz,  and  not 
quartsUe, 

QroTwadke. — A  name  given  to  certain  forms  of  altered  sandstone.  Orey- 
wacke  is  a  compact  aggregate  of  rounded  or  angular  grains  of  quartz,  felspar, 
slate,  or  mica,  cemented  by  a  siliceous,  argillaceous,  or  felspathic  base.  It  is 
usually  of  some  shade  of  grey,  but  may  be  brown,  red,  or  blue.  The  distinguishing 
feature  of  greywacke,  as  compared  with  sandstone,  is  in  the  compact  base  and  the 
way  in  which  the  grains  seem  often  to  pass  into  the  base.  In  some  varieties, 
indeed,  it  is  often  difficult  to  distinguish  any  rounded  grains,  and  then  the  rock 
assumes  the  aspect  of  a  microcrystalline  igneous  rock.  This  is  especially  the  case 
where  the  greywacke  is  very  felspathic,  as  it  is  in  Ayrshire  and  other  parts  of 
Scotland.* 

*  See  below,  under  the  term  **  Metamorphic  Porphyry." 
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p.  Metamorphosed  ArgiUaceonB  Bocks. 

Flinty-Blate  (Iiydian-stone). — Clay  or  shale  has  been  in  some  cases,  as  in 
that  of  the  Lias  of  Portrush,  converted  by  contact  with  a  lai^e  mass  of  igneous 
rock  into  a  smooth,  hard,  brittle,  splintery  black  rock.  The  fossils  in  the  flinty- 
slate  of  Portrush  are  still  perfectly  preserved,  though  the  rock  is  so  hard  as  to 
have  been  originally  described  as  basalt,  and  adduced  by  the  Wemerians  as  a  proof 
of  the  aqueous  deposition  of  basalt  Many  of  the  more  siliceous  shales  of  the 
lower  Silurian  Series  of  the  South  of  Scotland  have  been  converted  into  a  similar 
substance.  Lydian-stone  was  used  as  a  test  for  the  precious  metals,  their  relative 
purity  being  shown  by  the  nature  of  their  streak  upon  the  stone.  Other  altered 
clay-rocks  are  known  as  PorceUaniie  or  PorcektinrJasper,  having  a  texture  like 
porcelain. 

Clay-Slate  is  a  fine-grained  fissile  rock,  differing  from  shale  in  being  alwajn 
highly  indurated,  and  splitting  into  plates  that  are  independent  of  the  original 
bedding  of  the  rock,  sometimes  coinciding  with  it,  but  frequently  crossing  it  at  aU 
angles.  This  fissile  structure  or  **  cleavage  "  is  a  superinduced  metamorphic  one. 
The  original  bedding  or  lamination  of  the  rock  may  frequently  be  traced,  even  in 
hand  specimens,  by  means  of  parallel  lines  or  bands  of  d^erent  colour  and  textnre 
traversing  the  slate.  These  bands  are  called  by  Professor  Sedgwick  the  "  stripe  " 
of  the  slate.  Clay-slate  is  generally  of  a  dull  blue,  grey,  green,  or  black  colour, 
sometimes  "  striped,"  sometimes  irregularly  mottled.  The  "  cleavage  "  of  alates 
will  be  treated  of  in  the  next  part  of  this  work  as  a  petrological  structure. 

y.  Metamorphosed  Calcareous  Bocks. 

Altered  Iiimeatone. — This  was  formerly  called  Primitive,  and  is  even  at 
the  present  day  often  called  Primary  Limestone.  Since,  however,  it  is  known 
that  many  crystalline  limestones  are  not  Primary,  that  tiie  statuary  marbles  of 
Italy  and  Greece,  for  instance,  are  some  of  them  Secondary,  and  some  even  Tertiary 
limestones  in  a  metamorphosed  state,  it  would  seem  better  to  disuse  the  term 
primary  as  a  mere  lithological  designation.  Some  limestones  were  originally 
formed  as  crystallme  limestones,  just  as  many  parts  of  a  coral  reef  and  some 
stalactites  are  crystalline  internally.  Others,  however,  have  certainly  been  only 
made  to  assume  the  ciystalline  structure  at  a  period  subsequent  to  their  formation. 
In  the  well-known  experiments  of  Sir  James  Hall,  it  was  shown  that  even  chalk 
could  be  converted  into  a  hard  crystalline  marble,  by  being  heated  under  such  a 
pressure  as  should  prevent  the  escape  of  the  carbonic  add  gas. 

The  chalk  of  the  north  of  Ireland  is  all  harder  than  that  of  England,  and  can 
never  be  used  for  making  a  mark  on  wood  or  stone.  Where  penetrated  by  trap- 
dykes  it  is  altered  into  a  hard,  grey,  semi-crystalline  limestone  in  some  places,  in 
others  into  a  coarsely  crystalline  white  marble. 

Saccharoid  or  statuary  marble  is  a  white  fine-grained  crystalline  rock  resembling 
loaf-sugar  in  colour  and  texture,  working  freely  in  any  direction,  not  liable  to 
splinter,  slightly  translucent,  and  capable  of  taking  a  perfect  polish.  Concealed 
flakes  of  mica  or  chlorite  sometimes  exist  in  it,  as  may  be  seen  on  examining  the 
weathered  surfaces  of  some  of  the  ancient  statuary  in  the  British  Museum  and 
elsewhere. 

In  some  saccharoid  limestones,  however,  as  in  those  which  occur  largely  in 
Donegal,  plates  and  layers  of  white  silvery  mica  are  much  more  abundant.  Some 
of  the  beds  of  white  saccharoid  limestone  split  into  plates  not  one-tenth  of  an  inch 
in  thickness,  which  are  coated  with  micaceous  flakes  of  a  silvery  lustre,  forming 
very  pretty  specimens,  but  destroying  the  use  of  the  rock  for  architectural  and 
statuary  purposes.  Some  of  the  beds,  however,  afford  considerable  blocks  firee 
from  mica. 
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Other  yarieties  of  altered  limestone  are  Tarioiisly  coloured,  and  more  largely 
and  coarsely  crystalline.  The  white  or  coloured  kinds,  which  will  take  a  polish 
and  can  be  used  in  the  arts,  are  called  marble. 

Dolomite  has  already  been  described  as  one  of  the  varieties  of  limestone.  It 
is  in  many  if  not  in  most  cases,  however,  the  result  of  an  alteration  of  common  lime- 
stone, carbonate  of  magnesia  replacing  carbonate  of  lime.  It  is  generally  perfectly 
crystidline,  either  in  large  or  small  granules,  and  has  often  a  porous  texture,  so  that 
the  crystalline  granules  can  be  seen  to  touch  each  other  at  only  a  few  points.  This 
causes  them  to  be  easily  disintegrated,  and  fall  into  a  kind  of  sand  consisting  of 
minute  crystals  of  bitter-spar.  It  is  often  more  largely  cellular,  having  drusy 
csTities  lined,  and  sometimes  filled,  with  large  crystals  of  bitter-spar.  The  colours 
are  generally  yellowish-white,  yellow,  or  brown,  sometimes  reddish.  In  some  dolo« 
mites  fossil  shells  occur,  which  on  examination  show  that  the  original  carbonate  of 
lime  has  been,  particle  by  particle,  removed,  and  replaced  by  carbonate  of  mag- 
nesia. The  carbonate  of  magnesia  seems  to  have  been  added  to  the  rock  from 
some  external  soorce,  or,  perhaps,  in  some  cases,  to  have  been  originally  diffused 
in  small  proportion  through  the  whole  mass  of  the  limestone,  and  subsequently 
concentrated  along  certain  lines,  or  into  certain  irregular  spaces,  so  as  there  to  form 
a  perfect  dolomite,  and  leave  the  rest  of  the  rock  a  pure  carbonate  of  lime.  The 
hands  of  dolomite,  often  traversing  limestone  like  vertical  walls,  are  spoken  of  in 
Derbyshire  and  Yorkshire  as  duruUme* 

There  are  some  rocks  called  Serpentine,  interstratifled  with  highly  meta- 
morphosed rocks  (like  the  serpentine  marble  of  BaUynahinch,  Oalway),  which  are 
perhaps  the  extreme  metamorphic  form  of  a  siliceous  magnesian  limestone,  the 
carbonates  being  converted  into  silicates.  Sir  W.  Logan,  director  of  the  Geological 
Survey  of  Canada,  assured  me  that  he  had  in  that  country  traced  serpentines  which 
gradually  passed  into  beds  of  unaltered  magnesian  limestone.  Mr.  Sterry  Hunt 
describes  the  association  of  serpentines  (or  ophiolites)  and  ophicalcite.f 

SUB-GROUP  XL 

In  this  division  all  trace  of  the  original  texture  of  the  rocks  is 
effaced,  and  in  its  place  a  new  texture  and  mineralogical  composition 
bas  b^n  developed.  The  student  will  afterwards  perceive,  when  we 
come  to  consider  the  process  of  Metamorphism,  that  as  the  metamorphic 
changes  have  been  effected  gradually  and  with  varying  intensity,  so 
we  meet  with  rocks  in  all  stages  of  change.  Hence  it  sometimes  he- 
comes  difficult  to  determine  to  what  rock-species  some  particular  speci- 
men or  mass  should  be  assigned,  the  transitional  forms  are  so  abundant, 
and  their  indefiniteness  and  variations  so  great  Add  to  this  that  in 
the  present  branch  of  our  subject  a  vast  deal  of  research  still  requires 
to  be  carried  on  before  our  knowledge  of  it  can  be  considered  at  all 
commensurate  with  its  importance.  The  following  grouping  is  con- 
fessedly unsatiBfactory,  and  is  proposed  merely  provisionally  until  it  is 
set  aside  by  further  research. 

a.  Compact  or  Crypto-orystalline. 
Under  this  title  is  here  included  a  series  of  rocks,  many  of  which 

*  On  the  conversion  (tf  limestone  into  dolomite  see  Bischoff,  vol.  iii/'chap.  liii. 
t  Btport  c/tht  Gioloffieal  Survey  cif  Canada  for  18M  and  1869. 
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are  still  very  imperfectly  known.  Some  of  them  have  manifestly  re- 
sulted from  the  metamorphism  of  highly  felspathic  sandstones  and 
ai^gillaceous  strata,  and  now  appear  with  many  of  the  characters  of  por- 
phyritic  and  other  truly  igneous  rocks. 

Serpenttne  (Ophite,  Ophiolite). — ^This  rock  has  already  been  alluded  to  as  in- 
timately associated^with  altered  limestones,  and  is  itself  probably  in  many  cases  a 
farther  stage  in  the  metamorphism  of  magnesian  limestone.  But  it  may  doubtl^s 
be  sometimes  the  result  of  the  metamorphism  of  augitic  or  homblendic  or  olivine- 
bearing  rocks.  It  is  compact,  dull,  usuaUy  some  shade  of  dirty  green,  with  a  splintery 
fracture,  and  easily  scratched.  It  may  be  briefly  described  as  a  hydrated  silicate  of 
magnesia.  It  occurs  sometimes  in  small  veins  and  layers  associated  with  limestone, 
sometimes  in  large  masses  which  trend  with  the  strike  of  the  surrounding  rocks, 
and  form  ranges  of  hills.  The  following  analysis  of  Dr.  Haughton  shows  the 
chemical  composition  of  a  red  serpentine  from  Cornwall : —  * 

SUica 88-29 

Protoxide  of  iron 13  50 

Magnesia 84'24 

Loss  by  ignition  or  water      .         .         .         .         12*09 

9812 
The  specific  gravity  of  serpentine  is  about  2*5. 

Metamorphio  Porphyries. — In  the  county  of  Ayr  the  lower  Silurian  rocks 
and  the  lower  Old  Red  Sandstone  show  some  remarkable  examples  of  metamor- 
phism. In  the  neighbourhood  of  Ballantrae  the  Silurian  greywacke,  which  is  often 
highly  felspathic,  is  altered  into  various  dull,  compact,  or  finely-crystalline  and 
porphyritic  rocks.  Conglomerate  also  is  found  passing  into  similar  dull  compact 
masses,  which  are  sometimes  full  of  vesicles  like  an  amygdaloid.  These  rocks  are 
associated  with,  and  run  more  or  less  parallel  to,  masses  of  serpentine,  diorite,  and 
syenite.   Their  true  chemical  and  lithological  rdations  are  still  to  be  determined,  t 

p.  BohistoBe. 
The  Schistose  Rocks  are  those  which  have  a  schitUm  or  foliaUd 
texture. 

"  Foliation  "  is  a  term  applied  by  Professor  Sedgwick  %  to  those  rocks  which 
have  had  such  a  subsequent  texture  and  structure  given  to  them  as  to  split  into 
plates  of  different  mineral  matter,  either  with  the  bedding  or  across  it.  Such 
rocks  are  called  "  schists."  Cleavage  indefinitely  splits  a  rock,  either  with  the 
beds  or  across  them,  without  altering  its  mineral  character,  and  thus  produces 
'*  slate. "  Lamination  will  then  be  the  remaining  term  applicable  to  *'  shale,*'  and 
signifying  the  splitting  of  a  rock  into  the  original  layers  of  deposition.  When, 
therefore,  we  wish  to  be  precise,  we  can  speak  of  the  foliation  of  ichist,  the  cUamige 
of  alate^  and  the  laminaiion  of  shale. 

Mioa-eohist  consists  of  alternate  layers  of  mica  and  quartz,  the  mica  generally 
formed  of  a  number  of  small  flakes  firmly  compacted  together,  and  the  quartz 
more  or  less  nearly  resembling  vAti-quartz.     Many  mica-schists,  however,  contain 

*  Phil,  Mag.  X.  263. 

t  They  have  been  mapped  by  the  Geological  Survey,  and  are  described  by  Mr.  James 
Oeikie,  Qwiri.  Jour,  Gtd.  Soe.,  voL  xxiL  p.  613.  Bee  also  Cataioffiu  cfBotk  Spnimmu  in  Ikt 
Edinburgh  AfiMeum,  pp.  49  and  64-6. 

t  See  his  paper  on  the  **  Stmoture  of  Large  Mineral  Masses  "— (Teologiool  TrantaetionM, 
voL  iii.  pp.  479  and  480.    For  further  remarks  on  Foliation,  see  Chap.  X. 
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eomparatively  little  quartz,  and  seem  scarcely  to  differ  from  clay-slate  or  shale, 
except  in  the  shining  surfaces  of  their  plates  or  folia,  which  look  as  if  all  the 
particles  of  which  they  were  originally  composed  had  been  blended  together  so  as 
to  be  no  longer  separable.  Mica-schist  has  often  a  minutely  corrugated  or 
crumpled  structure,  the  layers  being  bent  into  sharp  Vandykes  of  one,  two,  or 
more  inches  in  height  and  width.  The  separation  into  layers,  or  foliation  of 
mica-schist,  generally  coincides  with  the  original  bedding  of  the  mass,  but  some- 
times may  be  independent  of  it.  In  the  latter  case,  it  may  in  some  cases  have 
taken  the  direction  of  a  previously  existing  cleavage.  The  foliation  would  indeed 
tend  to  follow  the  dominant  divisional  planes  of  the  rock,  whether  bedding  or 
cleavage.* 

lu  the  Scottish  Highlands  some  of  the  mica-schists  pass,  into  strata  which 
hardly  differ  from  fissile  micaceous  sandstones.  On  the  other  hand,  many  soft 
highly  micaceous  sandstones  seem  to  require  only  a  little  induration  and  blending 
of  their  particles  to  form  '*  mica-schist."  In  parts  of  the  New  Red  Sandstone  of 
central  England,  the  rock  is  so  highly  micaceous  as  to  split  into  thin  flags  of  a 
quarter  of  an  inch  in  thickness  and  a  foot  in  diameter  ;  and  these  can  be  split  by 
the  nail  into  still  finer  flakes,  all  the  surfaces  glittering  with  micaceous  lustre. 
In  these  cases  it  is  obvious  that  the  mica  was  deposited  in  layers  of  mica  spangles 
already  formed.  But  it  is  conceivable  that  a  minor  degree  of  metamorphism 
might  suffice  in  such  rocks  to  form  mica,  in  addition  to  that  already  existing,  and 
the  two  might,  perhaps,  coalesce  into  layers,  leaving  the  quartz  grains  of  the  sand- 
stone as  intermediate  layers  of  quartz.  The  student  must  be  careful  to  distin- 
guish between  rocks  originally  micaceous  in  consequence  of  the  deposition  of 
spangles  of  mica  together  with  the  other  materials,  and  those  in  which  the  mica- 
ceous sheen  and  the  tendency  to  split  into  micaceous  folia  are  the  result  of 
subsequent  metamorphic  action,  producing  mica  where  it  did  not  before  exist,  or, 
at  all  events,  was  not  apparent.  It  is  to  the  latter  only  the  term  mica-schist 
should  be  applied. 

Ghlorite-Soliist. — A  schistose  aggregate  of  chlorite,  usually  with  a  little 
quartz,  and  often  with  felspar,  mica,  or  talc.  Potstone  is  a  more  massive  form  of 
chlorite-schist,  and  receives  its  name  from  the  fact  that  it  can  be  turned  in  the 
lathe  and  worked  into  articles  of  domestic  use. 

Talo-Sohist. — ^A  schistose  aggregate  of  scaly  talc  lamina,  usually  with 
quartz  or  felspar. 

Granulite  {Leptynite,  Schistose  Eurite). — ^A  schistose  aggregate  of  felspar  and 
quartz  with  scattered  garnets.  The  felspar  (probably  both  orthoclase  and  a 
plagioclase  felspar)  is  the  predominant  ingredient,  and  in  it  the  quartz  occurs  as 
flattened  grains  or  very  thin  lamellae. 

Schorl -Book  {Schorlaceous- Schist,  Tourmaline' Rock).* — An  aggregate  of 
grains  of  quartz  and  of  schorl  (tourmaline),  sometimes  schistose,  sometimes 
granular,  and  sometimes  compact.  Several  other  allied  rocks  may  be  mentioned 
here,  as  Oreisen,  consisting  of  quartz  and  lithia-mica  ;  EdogiU,  a  granular  aggre- 
gate of  grass-green  smaragdite  and  red  garnet  \  Oamet-Rock,  garnet,  hornblende, 
and  magnetic  iron. 

Homblende-Sohist  consists  of  dark-green  or  black  hornblende,  the  particles 
being  felted  together,  and  lying  in  one  prevalent  direction,  so  as  to  give  a  schis- 
tose texture.  When  the  mass  loses  its  schistose  character  and  becomes  a  crystal- 
line aggregate  of  hornblende,  it  is  known  as  Hornblende  Rock, 

Actinolite- Schist  is  a  variety  of  hornblende-schist,  the  mineral  actinolite 
taking  the  place  of  common  hornblende.     With  regard  to  this  and  similar  schists, 

*  See  Ramsay,  Qvuart.  Jowr.  Otol.  Sac.  \x.  172.  The  coincidence  of  foliation  with  bedding 
over  the  Scottish  Highlands  is  insisted  on  by  Sir  R.  Murchison  and  Mr.  Geikle,  op.  cU. 
voL  xrii 
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it  may  be  remArked  that  there  is  reason  to  believe  that,  as  they  occur  among 
altered  sedimentary  rocks,  they  may  represent  former  trap-rocks. 

Gneiss. — This  rock,  when  found  in  its  typical  condition,  consists  of  the  same 
mineral  ingredients  as  granite,  the  distinction  between  the  two  rocks  being  in  the 
manner  in  which  the  component  minerals  are  arranged.  In  gneiss  the  quarts, 
felspar,  and  mica  occur  in  irregular  lenticular  layers,  and  are,  so  to  speak,  felted 
into  each  other,  forming  in  this  way  the  well-known  schistose  texture  of  the  rock. 
The  word  Gneiss,  however,  has  often  been  very  vaguely  and  indefinitely  em|doyed 
to  signify  any  hard  quartzose  semi-crystalline  schistose  rock,  to  which  no  other 
name  could  be  easily  given. 

Some  gneiss  can  only  be  distinguished  from  granite  by  the  regular  arrange- 
ment  of  its  component  crystalline  particles  in  a  certain  parallelism,  so  as  to  give 
it  a  slightly  schistose  structure,  or  **  grain,"  as  it  is  called  by  I^rofessor  Sedgwidc. 
Other  varieties  of  gneiss,  again,  can  only  be  separated  from  mica-schist  by  the 
occasional  occurrence  of  little  plates  of  felspar  in  addition  to  the  layers  of  mica 
and  quartz.  In  hand  specimens,  indeed,  it  is  often  very  difficult  to  draw  any 
sharp  line  of  separation  between  mica-schist  and  gneiss,  the  more  fissile  specimens 
being  called  mica-schist,  while  the  firmer  ones  would  be  called  gneiss.  Even  in 
the  field  they  are  often  so  blended  together,  and  alternate  witii  each  other  so 
frequently,  that  their  separation  is  impossible.  As  mentioned  under  section  a  of 
this  sub-group,  large  masses  of  schistose  rock  also  occur  sometimes  in  metamorphic 
areas  of  such  an  indeterminate  character  that  it  is  difficult  to  give  them  any  dis« 
tinctive  appellation. 

Gneiss  might,  indeed,  in  its  purest  and  most  typical  form,  be  termed  schistose 
granite,  consisting,  like  granite,  of  felspar,  mica,  and  quarU,  but  having  tiiose 
minerals  arranged  with  a  certain  degree  of  parallelism  rather  than  in  a  confused 
aggregation  of  crystals.  In  speaking  of  it  as  schistose  granite,  however,  we  must 
never  forget  that  true  gneiss  was  never  really  a  granite  or  igneous  rock  which,  on 
cooling,  assumed  a  peculiar  laminated  structure,  *  but  that  it  was  originally  a 
laminated  mechanically -formed  rock,  a  sancblone  more  or  less  argillaceous,  con- 
taining, indeed,  the  elements  of  quartz,  felspar,  and  mica,  but  not  exbibiting  any 
more  appearance  of  those  minerals  at  its  firat  deposition  than  is  exhibited  by  any 
of  the  ordinary  unaltered  sandstones  with  which  we  are  familiar.  There  are 
cases,  however,  where  true  granite,  as  in  parts  of  the  granite  of  the  south-east  of 
Ireland,  passes  into  a  rock  that  might  be  called  gneiss  from  the  parallel  arrange- 
ment of  its  mica  flakes,  t 

Some  of  the  metamorphic  rocks  of  the  Alps,  on  the  other  hand,  which  are  pro- 
bably in  reality  gneiss,  nevertheless  resemble  granite  so  completely,  that  no  one 
looking  at  a  hand  specimen,  or  even  a  single  block,  however  lai^  would  venture 
to  pronounce  it  other  than  a  genuine  granitic  rock,  formed  of  a  confiutedly  crystal- 
line aggregate  of  felspar,  quartz,  and  a  dark  green  mineral  which  is  like  a  dull 
earthy  mica.  I  believe  some  of  this  granitic-looking  ixM^k,  if  not  all  of  it^  to  be 
the  so-called  Protogine.  If  it  were  true  intrusive  granite,  it  would,  as  Professor 
Haughton  has  remarked,  be  difficult  to  believe  the  third  mineral  to  be  talc,  i.e.  a  pure 
silicate  of  magnesia.  But,  whatever  be  the  exact  nature  of  the  third  mineral,  I  do 
not  believe  the  rock  to  be  intrusive  granite,  but  a  granitoid  gneiss,  t  Lithologically, 


*  The  student,  however,  should  consult  the  su^estive  remarks  of  Mr.  Scrape  on  the 
analogy  between  the  foliation  of  gneiRS  and  the  schistose  structure  of  some  volcanic  rocks. 
See  his  work  on  Voloanoet,  p.  189  and  chap.  xiL 

t  Some  of  the  masses  in  Newfoundland  to  which  Mr.  Jnkes  gave,  when  surveying  them 
in  the  year  1839,  the  name  of  Granite  without  any  hesitation,  are  now  termed  Laurentian 
Gneiss  by  the  officers  of  the  Canadian  Geolc^cal  Survey  under  Sir  W.  Logan. 

t  I  am  alluding  now  to  the  rock  as  seen  in  the  Hasli  valley  about  the  Handek  water&D, 
and  about  the  Grlmsel  Hospice. 
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it  is  doubtless  not  to  be  distinguished  from  granite,  bat  its  petrological  relations 
prove  it  to  be  a  metamorphic  rock,  in  consequence  of  its  bedded  character  and  its 
regular  interstratification  with  every  variety  of  mica-schist  and  gneiss,  and  that  often 
in  beds  not  more  than  a  few  feet  in  thickness.  There  seems  to  be  a  regular  alternation 
between  the  most  granitic  and  the  most  earthy  schistose  bed,  the  extreme  varieties 
sometimes  lying  in  direct  apposition  against  each  other,  sometimes  separated  by 
intermediate  gradations.  The  granitic  beds,  too,  are  certainly  not  intruded  veins, 
bat  mn  evenly  between  the  other  rocks,  and  were  evidentiy  contemporaneous  with 
them.  In  Donegal  and  Connemara  again  large  tracts  of  porphyritic  granite,  in 
which  no  trace  of  foliation  is  perceptible  for  many  miles,  are  found  to  exhibit  a 
parallel  arrangement  of  their  mica-plates  as  we  approach  their  boundaries,  and 
within  the  space  of  half-a-mile  or  so  to  lose  their  porphyritic  character,  become 
finer  grained,  and  gradually  assume  a  foliated  structure,  and  eventually  pass  into 
regular  stratified  beds  of  various  characters,  but  with  no  resemblance  to  granite. 
Fartiier  observations  on  these  rocks  will  be  made  when  we  are  examining  the 
subjects  of  cleavage  and  foliation. 

CanglomertUic  MieaSckist  or  Gneiss^ — In  the  pass  of  the  T^te  Noire,  between 
Martigny  and  Chamounix,  the  traveller  may  see,  just  opposite  the  door  of  the 
TSte  Noire  Hotel,  even  a  conglomerate  converted  into  a  metamorpldc  rock.  This 
is  a  confused  aggregate  of  mica-flakes,  enclosing  and  surrounding  pebbles  of  white 
quartz,  which  vary  in  size  from  that  of  a  nut  to  that  of  a  man's  head.  The  mica 
was  not  deposited  in  worn  spangles  as  a  mere  micaceous  sandstone  or  clay  enclosing 
quartz  pebbles  ;  or  if  it  was  so  formed,  those  worn  micaceous  spangles  have  been 
made  to  blend  together  again,  and  form  a  rough  mica-schist,  enveloping  the  pebbles 
in  continuous  flakes  like  any  other  mica-schist 

Beds  of  conglomerate  also  occur  among  the  mica-schists  of  the  N.  W.  of  Ireland, 
the  pebbles  being  enveloped  in  mica-schist,  and  sometimes  having  a  micaceous  glaze 
on  their  surfaces,  so  as  to  prove  the  *'  micacisation "  of  the  rock  to  have  been 
imparted  to  it  subsequently  to  its  formation.  The  same  fact  has  been  noticed  by 
Mr.  Geikie  among  the  clay-slates  of  the  island  of  Bute. 

7*  CryBtalline-graiiTilar  or  Oranitio. 

In  this  series  of  metamorphic  rocks  are  included  those  in  which, 
while  all  trace  of  the  original  texture  has  disappeared,  the  component 
elements  have  re-arranged  themselves  into  new  mineralogical  combinar 
tions,  and  have  assumed  a  crystalline  texture  quite  undistinguishable 
from  that  of  rocks  ordinarily  called  igneous.  Between  rocks  of  this 
daas  and  the  more  crystalline  varieties  of  the  schists  there  is  the  closest 
relationship.  It  has  already  been  remarked  that  gneiss  and  granite  are 
found  sometimes  to  pass  into  each  other,  and  that  there  is  no  mineral- 
ogical difference  between  the  two  rocks  ;  their  distinction  being  merely 
in  the  amorphous  crystalline  aggregation  of  the  one,  and  in  the  schistose 
texture  of  the  other.  It  was  likewise  mentioned  that  gneiss  is  found 
alternating  with  and  passing  into  mica-schist,  while  mica-schist  in  turn 
shades  off  into  the  less  highly  metamorphosed  varieties  of  metamorphic 
locks,  and  those  again  into  sedimentary  strata  that  have  not  been  meta- 
morphoeed.  Hence  we  can  trace  a  gradual  series  of  stages  in  the  alter- 
ation of  rocks,  until  we  pass  finally  true  crystalline  granite.  When, 
moreover,  we  proceed  to  study  the  rocks  in  the  field,  we  find  that,  at  least 
in  many  cases,  the  granite  is  not  found  disrupting  the  stratified  rocks, 
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but  occupying  their  place,  and  that,  after  tracing  them  up  to  the  granite 
on  the  one  side,  we  find  them  re-appearing  on  the  other  with  the  same 
dip  and  strike.  From  these  and  further  observations,  to  be  described  in 
a  subsequent  chapter,  it  has  been  inferred  that  granite  must  be,  at  least 
in  many  cases,  a  truly  metamorphic  rock — the  ultimate  result  of  the 
metamorphism  of  which  mica-schist  and  gneiss  are  preliminary  stages. 
Between  granite  which  has  broken  through  surroiinding  stratified  masses, 
and  is  called  an  igneous  rock,  and  metamorphic  granite,  no  well-marked 
lithological  distinction  has  yet  been  determined. 

But,  besides  granite,  there  are  other  crystalline  rocks  associated  in 
such  a  way  with  metamorphic  rocks  that  their  metamorphic  origin  is 
by  many  geologists  more  than  suspected.  Some  of  these  rocks  have 
already  been  given  in  the  section  devoted  to  igneous  rocks.  But  their 
names  are  repeated  in  this  place,  to  remind  the  student  that  they  some- 
times occur  in  such  an  intimate  relationship  with  undoubtedly  meta- 
morphic rocks  as  to  suggest  a  common  origin  for  the  whole. 

Granite. — ^What  has  been  regarded  as  metamorphic  granite  occurs  in  different 
parts  of  the  British  Islands.  The  granites  of  Galway  and  Donegal  are  with  diffi- 
culty separable  from  the  surrounding  gneiss,  and  the  whole  appears  to  be  of  meta- 
morphic origin.  In  the  south  of  Scotland  the  Silurian  and  Old  Red  Sandstone  rocks 
here  and  there  pass  into  a  form  of  gneiss  which  is  succeeded  by  granite.* 

Syenite  of  metamorphic  origin  occurs  in  Ayrshire,  where  it  is  associated 
with  diorite  and  serpentine,  among  very  much  altered  Silurian  rocks,  Lai^  masses 
of  syenite  occur  among  the  metamorphosed  lias  limestones  of  Skye.  Mr.  Geilde 
has  suggested,  however,  that  these  syenites,  and  possibly  some  in  Mull,  may  be 
connected  with  the  great  tertiary  volcanic  series  of  the  Western  Islands,  t 

Diorite,  DiallaKe-rook. — Masses  of  these  rocks  occur  in  the  metamorphic 
region  of  the  south  of  Ayrshire. 

Hypersthene-rook. — This  rock  occurs  among  the  Lanrentian  gneiss  of 
Canada.  A  large  mass  of  it  exists  in  the  island  of  Skye,  which  it  has  been 
suggested  is  of  metamorphic  origin. 

Miascite. — A  large-grained  granitoid  aggregate  of  orthoclase,  elsolite,  and 
black  mica.     It  is  closely  related  to  the  rock  named  zircon-syenite. 

Geological  age  of  Metamorphic  Rocks. — In  Western  Europe,  meta- 
morphic rocks,  such  as  Clay-slate,  Quartz-rock,  Micarschist,  and  Gneiss, 
are  usually  foimd  only  among  the  older  geological  formations.  Hence 
naturally  arose  the  notion  among  the  earlier  geologists  that  such  rocks 
were  only  produced  in  the  earlier  geological  periods.  It  is,  however, 
now  well  known  that  some  of  the  Clay-slate  used  for  roofing  slate  in  the 
Alps  was  formed  during  the  same  great  geological  period  as  the  clay  on 
whdch  London  stands,  and  it  is  believed  that  the  mica-schist  and  gneiss  of 
some  districts  are  at  least  as  modem  as  the  chalk  of  Britain.  The 
student  therefore  must  guard  himself  from  taking  it  for  granted  that 
any  of  the  lithological  textures  or  characters  of  such  rocks  can  be  taken 

*  See  the  remarks  already  made  under  the  term  ProUtgintf  anie,  p.  124. 
t  Proc.  Roy.  Soe,  Edin.,  vol  for  lS(S6-t7. 
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as  certain  indications  of  their  geological  age  independently  of  other 
evidence.* 

In  completing  this  snmmaiy  of  the  leading  characters  of  the  more 
important  rock-masses  which  constitute  the  crust  of  the  earth,  we 
would  again  direct  the  attention  of  the  student  to  the  works  eniuner- 
ated  at  the  head  of  this  chapter,  where  much  more  detailed  information 
will  be  found  than  can  be  given  in  such  a  Manual  as  the  present  volume 
is  intended  to  be.  It  may  be  useful  to  present  here  a  table  of  the  rocks 
already  enumerated,t  that  the  reader  may  see  at  a  glance  the  classic- 
cation  here  adopted,  and  the  place  in  it  which  is  assigned  to  each  of 
the  rocks. 

A  TABULAR  CLASSIFICATION  OF  ROCKa 

I.  laNEOUS  BOCKa 
A.  Voloanio. 

Felspathic* 


Trachjrte. 

Pearlstone. 

Andesite. 

Clinkstone  or  Fhonolite. 

Obsidian. 

Pumice. 

Trachyte-tuffs  and  brec- 
cias 

Fel^pathic, 
Febtone. 
Pitchstone. 
Clinkstone. 
Minette. 
Kersanton. 
Kersantite. 
Porphyiite. 


Felstone  tuff  and  Por- 
phyrite  tuff,  with  brec- 
cias and  conglomerates.. 


■{ 


Avffitic. 
Dolerite. 
Anamesite. 
Basalt 
Wacke. 


B.  Trappeaa. 


I 


Peperino,  doleritic  tuffs, 
breccias,  and  slags. 

Hornblendic  and  Pyroxenic 
FeUpar  and  Hornblende,  etc, 

IHorite. 

Diallage-rock. 

Hypersthene-rock. 

Melaphyre. 

Diabase. 

Aphanite. 

Wacke. 

Qreenstone  tuff,  with 
agglomerate,  breccia, 
and  conglomerate. 


*  For  farther  infonnation  r^arding  metamoiphism  and  motamorphic  rocks  the  student 
Is  referred  to  the  chapter  in  which  metamorpliism  as  a  geological  process  is  specially  dealt 
with. 

t  And  also  some  which  are  now  in  oontse  of  formation,  and  which  fall  to  be  described 
nnder  the  section  of  Geological  Agencies. 
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Granite. 

Sjenitic  granite. 
Pegmatite. 
Protogine. 
Graphic  granite. 


C.  Qranitio. 


Syenite  and  its  varieties. 


Arenaceous 


ArgiUaceoos 


CSalcareons 

Siliceous 

Gypseous 

Saline 


TL  AQUEOUS  BOCKS. 

Meghanioallt  Formed. 

Gravel  or  Rubble,  which,  when  compacted, 
forms  Conglomerate  or  Puddingstone, 
and  Breccia. 

Sand,  which,  when  compacted,  forms  Sand- 
stone, Gritstone,  and  their  varieties. 

{Clay  and  Mud,  Loam,  MarL 
Shale  or  Slaty-clay,  Mudstone. 

Chemioallt  Forked. 

Stalactite  and  Stalagmite,  Travertine,  etc 
Some  Limestones  and  Dolomites 

Siliceous  Sinter. 
Gypsum. 
Rock  Salt 


•  { 


Orgakioally  Derived. 

(  Limestone  and  its  varieties,  compact,  crys- 
.    I  *     1         1      l^c^Uine,  chalky,  oolitic,   pisolltic,  some 


Calcareous, 


(      magnesian,  etc. 

Siliceous  i  Flint  and  C!hert. 

probably  from  ammals  j 

Carbonaceous, 

mostly  from  plants 


>  Peat,  Lignite,  Coal,  Anthracite,  Graphite. 


ni.  AlBBLAIi  OB  EOIilAN  BOCKS. 

Blown  Sand  on  coasts  ;  Sand-hills  of  deserts  ;  Calcareous  Sands 
compacted  by  rain,  etc.  ;  Debris  at  foot  of  clifb  ;  Soil 

IV.  METAMOBPHIC   BOCKS. 

Sub-Grouf  L — ^Thobe  in  which  the  Original  Mineral  Texture 

IS  STILL  recognisable. 

a.  Arenaceous. 

Quartz-rock  or  Quartzite. 
Qreywacke. 
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p,  ArgillaoeoiLB. 

Flinty-fllate. 
day-alate. 

y.  Calcareous. 

Altered  limestone.     Marble. 
Dolomite. 

Sub-Gboup  1L — ^Thosb  in  whioh  thx  OBiaiNAL  MiNBRAL  Tbztubb 

HAS  BBBN  effaced. 

a.  ComiMMt  or  Crypto-orystaUine. 

Serpentine. 
Metamorphic  Porphjrriea. 

p.  Sohiatose. 

MicarsduBt 

Chlorite-schist,  Potstone,  Talc-schist 

Orannlite. 

Schorl-iock. 

Homblende-scliisty  Actinolite-schist 

Gneiss. 

7.  Crystalline-graxiiilar  or  Qranitio. 

Granite. 
Syenite. 
IHorite. 
Diallage-rocL 
Hypersthene-rock. 

Miascite,  and  probably  other  rocks  enumerated  among  thej 
Igneous  series. 


Section  EL 
PETROLOGY. 

CHAPTER  VL 

FORMATION  OF   ROCK-BEDS. 

The  term  Petrology  *  is  here  used  quite  arbitrarily  to  signify  the  study  of 
rock  masses  ;  that  is  to  say,  the  examination  of  those  characters,  struc- 
tures, and  accidents  of  rocks,  which  can  only  be  studied  on  the  large 
scale,  and  only  be  observed  in  '*  the  field.^  It  will  include  the  modes 
of  stratification,  of  separation  by  divisional  planes,  of  fracture  and  dis- 
turbance, the  methods  of  occurrence,  and  form  of  igneous,  aqueous,  and 
metamorphic  rocks,  and  the  formation  of  mineral  veins. 

Iiamination  and  Stratifloation. — ^The  lamination  and  stratification 
of  the  aqueous  rocks  is  the  very  foundation  of  geology,  that  on  which 
all  the  more  important  deductions  of  the  science  are  based.  It  is  there- 
fore necessary  to  describe  these  structures  in  some  detaiL 

Rocks  that  have  been  formed  by  the  strewing  of  materials  in  water, 
and  the  deposition  of  those  materials  in  beds  or  strata^  are  called  stratified 
rocks,  and  this  structure  is  called  their  stratification.  As  each  bed,  or 
stratufriy  was  formed  by  the  deposition  of  successive  layers,  or  lamiticg^ 
that  structure  may  be  called  their  lamination^  and  it  will  be  found  con- 
venient to  restrict  the  term  to  such  layers  of  deposition,  and  not  to  extend 
it  to  any  other  layers  or  plates  that  may  have  been  subsequently  pro- 
duced in  the  rocks. 

Strata  vary  in  thickness  from  less  than  an  inch  to  many  feet. 

Lamince  rarely  exceed  an  inch  in  thickness,  and  vary  from  that  down 
to  the  thinness  of  the  finest  paper. 

Planes  of  Lamination. — The  very  fine  laminae  (plates  or  layers)  of 
which  some  beds  of  shale  are  made  up,  are  obviously  the  result  of 
separate  acts  of  deposition  of  fine  sediment,  film  after  film,  upon  the 
bottom  of  some  tranquil  or  very  slowly  moving  water.  We  may  sup- 
pose this  sediment  to  have  been  carried  into  the  water  by  successive 
tides  bringing  matter  from  some  neighbouring  shore,  by  periodical  floods 
of  some  river,  or  by  the  gradual  action  of  some  current  Whatever  may 
have  been  the  exact  nature  of  the  action,  it  was  clearly  a  gradual  one. 

*  See  tmUt  p.  6. 
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Some  considerable  time  must  be  allowed  for  the  deposition  of  a  bed  even 
one  foot  thick,  when  we  find  it  made  up  of  distinct  laminse,  fifty  or  a 
hundred  of  which  may  be  counted  in  each  inch  of  its  thickness.  This 
time  IB  that  required  for  the  mere  act  of  settlement  of  the  materials  in 
the  water,  without  calculating  that  which  is  requisite  for  their  transport 
from  some  distant  locality.  Still,  although  some  time  was  required,  and 
although  the  acts  of  deposition  were  distinct,  yet  they  were  not  so  widely 
separated  in  time  as  to  allow  of  any  great  consolidation  of  one  layer 
before  the  next  was  deposited  upon  it.  The  whole  set  of  laminse  suc- 
ceeded each  other  so  as  to  cohere  together,  and  form  one  bed,  which  may 
be  quarried  and  lifted  in  single  blocks.  In  some  shales,  certainly,  the 
coherence  between  the  lamiiiss  is  but  slight ;  they  may  be  pulled  asimder 
by  the  hand  ;  but  in  others  it  is  more  complete,  and  in  some  quite  firm  ; 
and  in  some  fine-grained  laminated  grits  and  sandstones,  it  requires 
ahnost  as  much  force  to  split  them  along  the  lines  of  lamination  {with 
the  grain,  to  use  a  common  term)  as  it  does  to  break  them  across.  In 
such  instances,  it  is  probable  that  the  succession  in  the  acts  of  deposi- 
tion was  a  more  rapid  one,  than  when  the  laminsB  separate  more  easily. 
The  mere  d^ree  of  coherence,  however,  of  the  laminse  of  a  stratum  is 
by  no  means  so  sure  a  test  of  the  shortness  of  the  intervals  between 
their  deposition  as  their  distinctness  is  of  its  length,  since  all  the  subse- 
quent actions  of  pressure  and  cementation  tend  to  make  them  cohere, 
while  no  action  tends  to  separate  them,  unless  that  of  weathering  close 
to  the  surface. 

Planes  of  JSiratifcation, — The  planes  of  stratification  differ  from  those 
of  lamination,  chiefly  in  being  on  a  larger  scale,  partly  also  in  as  much  as 
they  usually  mark  a  want  of  coalescence  between  two  successive  layers  of 
rocL  It  is  not  usual  to  get  a  block  consisting  of  parts  of  two  beds,  since  the 
parts  will  fall  asunder  and  make  two  blocks.  It  is  true  that  in  some 
cases  parts  of  two  beds  may  partially  adhere  together  if  carefully  removed, 
but  this  is  obviously  the  adhesion  of  two  things,  and  not  their  coales- 
cence into  one.  It  is  also  true,  that  in  some  rocks  the  lamination,  and 
in  some  even  the  stratification,  is  more  or  less  obscure.  In  such  cases, 
the  indistinctness  may  be  due  either  to  the  comparative  rapidity  and 
continuousn^s  of  the  act  of  deposition,  or  to  the  subsequent  obliteration 
of  structures  once  possessed. 

If  the  coherence  of  the  lamincB  of  any  kind  of  rock  is  owing  to  the 
comparative  shortness  of  the  intervals  between  their  deposition,  it  fol- 
lows that  the  want  of  coherence  between  one  bed  and  another  of  the 
same  kind  of  rock  is  the  result  of  the  length  of  the  interval  between  the 
deposition  of  the  beds.  Each  bed  had  time  to  become  so  much  consoli- 
dated before  the  next  was  deposited  upon  it,  that  the  latter  could  not 
coalesce  with  the  former.  A  plane  of  stratification,  then,  marks  a 
pause  in  the  act  of  deposition ;  the  duration  of  that  pause  being  very 
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considerably  longer  than  that  of  the  intervalB  between  the  saccessiTe 
laminas. 

In  using  the  term  *'  plane,"  we,  of  course,  must  not  take  it  in  its 
strict  mathematical  sense,  since  the  surfaces  both  of  laminse  and  beds 
are  often  uneven.  In  speaking  of  the  planes  of  lamination,  moreover, 
we  must  often  understand  merely  the  direction  in  which  the  lamin»aie 
ananged,  whether  they  be  separable  from  each  other  or  not  When  we 
examine  a  cliff  or  a  face  of  rock  which  cuts  across  the  planes  of  lamina- 
tion or  stratification,  we  see  merely  the  edges  of  these  so-called  planes^ 
and  speak  of  them  as  lines. 


Fig.  23. 

The  above  figure,  No.  23,  gives  a  rude  representation  of  the  above 
&cts,  the  dark-lined  beds  being  meant  for  fiinely-laminated  shales,  the 
dotted  beds  for  sandstones,  and  the  one  tmmarked  for  a  limestone,  in 
which  the  lines  of  lamination  are  supposed  not  to  be  discernible.  The 
student,  however,  is  earnestly  requested  to  study  them  for  himself  in 
any  and  every  quarry  of  striked  materials  that  may  be  accessible  to 
him,  and  warned  that,  without  such  direct  observation  of  facts,  and  inde- 
pendent reasoning  on  them,  his  knowledge  must  always  be  incomplete, 
if,  indeed,  it  can  be  called  knowledge  at  alL 

Iiength  of  Interval  between  Beds. — If  we  are  at  a  loss  to  estimate 
the  length  of  the  interval  between  the  deposition  of  the  successive 
laminss  of  a  bed,  still  less  have  we  the  means  of  calculating  the  time 
which  elapsed  between  the  formation  of  one  bed  and  that  which  rests 
upon  it.  When  two  or  more  successive  beds  are  of  precisely  similar 
character,  we  should  naturally  suppose  that  the  interval  between  bed 
and  bed  was  not  indefinitely  greater  than  that  between  lamina  and 
lamina.  If  we  gave  months  to  the  one,  years  might  be  given  to  the 
other  ;  if  years  to  the  one,  centuries  might  be  allowed  to  the  other. 
Still  we  should  have  no  certain  grounds  to  go  on,  and  the  interval 
between  bed  and  bed  might  be  thousands  of  years  for  anything  we  could| 


INTERVAL  BETWEEN  BEDS.  153 

in  the  majority  of  iiiBtances,  show  to  the  contrary.  When,  moreover, 
the  two  beds  were  of  totally  di£ferent  characters^  we  should  nsoally  feel 
called  upon  to  allow  a  larger  interval  between  their  deposition  than 
where  the  beds  were  similar.  Some  time  most  be  required  for  a  change 
to  take  place  in  the  conditions  of  the  neighbourhood.  In  the  case  of  a 
bed  of  sandstone  destitute  of  all  argillaceous  matter,  resting  on  a  bed  of 
shale,  we  should  be  obliged  to  suppose  some  alteration  in  the  strength 
or  direction  of  the  currents,  so  that  all  the  finer  matter  was  swept  away, 
and  only  the  coarser  or  heavier  deposited  In  the  case  of  a  shale  rest- 
ing on  a  sandstone,  we  should  suppose  that  the  current  had  diminished 
in  velocity.  In  either  case  the  current  might  have  come  from  a  new 
quarter,  where  only  the  particidar  kind  of  material  was  to  be  got. 

The  same  current  of  water,  charged  with  a  mixture  of  gravel,  sand, 
and  mud,  and  having  strength  enough  to  carry  it  all  on  together,  will, 
as  its  strength  lessens,  sort  and  separate  the  materials  from  each  other, 
depositing  them  in  the  order  of  their  coarseness,  the  pebbles  and  coarse 
sand  first,  next  the  finer  sand,  and  lastly  the  mud.*  Three  different 
kinds  of  rock,  then,  might  be  deposited  at  the  same  time  by  the  same 
current  in  different  places.  But  in  order  that  either  sand  or  gravel  may 
be  thrown  down  at  a  subsequent  period  on  the  top  of  the  mud,  a  fresh 
current  either  of  greater  velocity  or  from  a  nearer  source  will  be  re- 
quired, while  an  interval  will  be  necessary  for  the  mud  to  consolidate 
M)  fur  as  not  to  be  removed  by  the  new  current,  and  not  to  allow  the 
fresh  pebbles  or  sand  to  sink  into  it 

In  the  case  of  a  limestone  occurring  either  on  shale  or  sandstone,  we 
are  still  more  forcibly  led  to  the  supposition  of  a  great  change  of  con- 
ditions. If  the  limestone  be  a  pure  carbonate  of  lime  without  much  or 
any  admixture  of  mechanical  detritus,  it  is  obvious  either  that  all  cur- 
rents had  ceased  in  the  water,  or  else  that  they  were  no  longer  able  to 
get  any  earthy  matter  and  transport  it  to  that  place.  If,  indeed,  as 
seems  necessary  in  the  case  of  all  marine  limestones,  we  assign  an 
organic  origin  to  this  rock,  we  are  compelled  to  allow  a  period  prior  to 
its  production  sufficient  for  the  animals  from  which*it  was  derived  to 
grow  and  to  secrete  their  solid  materials  from  the  adjacent  water. 

It  is  possible,  indeed,  in  some  cases,  by  the  aid  of  the  remains  of 
animals  imd  plants  found  fossil  in  the  rocks,  to  arrive  at  something  like 
a  rough  approximation  to  the  time  which  has  elapsed  between  the  for- 
mation of  successive  beds,  so  far  as  to  say  whether  it  was  long  or  short 
There  are  cases^  for  instance,  in  which  we  find  on  the  surface  of  a  bed  of 
limestone  the  roots  or  attachments  of  a  particular  class  of  marine  animals, 
called  enciinitee,  which,  when  alive,  were  fixed  to  the  rock  by  a  solid 

*  Jut  as  is  shown  for  nrad  of  difltoent  degrees  of  coarseness  in  Mr.  Bsbbsge's  obserra* 
tlons,  to  which  reference  will  be  made  when  we  come  to  treat  of  the  operation  of  geological 
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calcareous  bwe.  Theae  attacIimeDta  are  those  of  aninuls  of  all  ages,  and 
aie  in  great  numbeTS  ;  and  in  a  bed  of  claj  which  reata  immedi&telj'  <m 
tiie  limestone,  there  are  found  a.  mnltitade  of  the  remains  of  the  upper 
pottioDs  of  these  animalg,  likewise  of  all  sizes  and  ages  (see  Fig.  24). 
Now  it  is  plain  that  in  this  case,  after  the  limestone  was  formed,  then 
was  an  interral  during  which  the  sea  Knuuned  ttee  from  sedimmt,  and 


B«dB  of  oolitic  Umeitone  coiend       Llrlag  encrinitu  sttsched  to  ua- 
bj  brown  cUy  cont^nlng  frag-  tKittom. 

menu  of  encriDlto. 

therefore  well  adapted  for  the  growth  of  these  creatures.  We  do  not 
know  how  long  it  remained  so  before  any  of  them  began  to  live  there, 
but  alter  a  time  thcj  settled  on  the  limestone  at  the  bottom  of  the  sea, 
and  floDrinbed  there  for  a  sufiicient  period  to  allow  of  snccessire  geneT&- 
tions  arriving  at  maturity  undisturbed,  before  the  time  when  a  quanti^ 
of  mud,  having  been  carried  into  the  water,  was  deposited  npoD  them, 
killed  them,  and  buried  their  remains.  Some  of  these  remains,  even 
the  insides  of  the  joints,  are  coated  over  with  the  calcareous  cases  of  Be> 
pulffi  {a  kind  of  lea-wonn),  showing  that  they  had  been  unburied  in  the 
bottom  of  the  sea  for  some  years,  while  their  descendants  were  growing 
about  them.  Here,  then,  we  have  an  interval  of  many  years,  if  not  of 
centurieSjbetween  the  formation  of  two  beds  which  rest  directly  one  upon 
the  other.  Many  instances  similar  to  this  occur  to  the  geologist  when 
pursuing  his  investigations,  although  not  often  admitting  of  such  clear 
illustration  and  description. 

There  may  be  seen  in  the  great  limestone,  called  carboniferoua 
limestone,  in  Ireland,  a  bed  of  corals  in  the  position  of  growth  which 
inuet  have  required  a  long  aeries  of  years.  These  corals,  of  a  kind  called 
Lithostrotion,  grow  in  bunches  sometimes  nine  feet  across,  resting  in  the 
position  in  which  they  flourished  on  their  old  sea-bed,  and  proving  pro- 
bably many  yeara  of  nndisturbed  tranquillity  to  have  elapsed  between 
the  time  of  the  formation  of  the  bed  on  which  they  grew  and  the  bed 
which  finally  covered  them.t 

*  Copitd  from  LrcU's  KanuoL 

(  eHlheflganuiddncripUanofllr.  A.B.  Wynn*,  is  tb«  expluwtlai  of  ibtct  lu  of 

tbe  Geological  Sorrfly  oT  IraUnd. 
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On  the  other  hand,  we  have  instances  of  fossil  trees  passing  through 
several  beds  of  sandstone,  in  such  a  way  as  to  show  that  the  whole 
number  of  beds  were  accumulated  after  the  tree  had  sunk,  and  before  it 
had  time  to  rot  entirely  away.  But  a  tree  thus  wholly  buried  in  water 
will  last  many  years  before  it  is  entirely  decomposed,  so  that  it  might 
very  well  have  become  enclosed  in  several  beds  of  sandstone,  especially 
when  we  recollect  that  it  forms  an  obstacle  to  the  currents  flowing  by  it, 
and  thus  tends  to  check  their  force,  and  cause  the  deposition  of  sand 
around  it  more  rapidly  than  would  otherwise  take  place.  A  case  is  men- 
tioned of  the  stumps  of  pines  still  standing  erect  on  the  bottom  of  the 
sounds  along  the  coast  of  North  Carolina,  although  the  submergence  of 
the  land  on  which  they  grew  must  have  taken  place  before  the  settle- 
ment of  the  colony.*  Still,  whatever  number  of  years  we  assign  to 
the  accumulation  of  the  whole  mass  of  sandstone,  we  should  be  in- 
clined in  this  case  to  suppose  the  deposition  of  the  sand  to  have  been 
comparatively  rapid,  and  the  intervals  between  the  deposition  of  the 
beds  comparatively  short 

It  is  possible  in  some  cases,  even  without  the  aid  of  organic  remains, 
to  discover  that  the  interval  between  two  adjacent  beds  was  a  long  one. 
For  instance,  we  not  unfrequently  And  that  two  beds,  which  in  one 
place    are    contiguous, 

B 


do  in  another  place  let 
in  one,  two,  or  more 
separate  beds  between 
them,  as  in  Fig.  25, 
which  is  taken  from  a 
sketch  made  in  a  quarry 
at  Donnybrook,  near 
Dublin,  by  Mr.  Du 
Noyer.  It  is  obvious, 
that  if  we  observed  the  beds  a  e  &t  the  spot  marked  A,  we  should 
only  suppose  an  ordinaiy  interval  to  have  elapsed  between  the  times 
of  their  deposition ;  while,  on  tracing  the  beds  to  B,  we  are  compelled 
to  enlarge  that  space  of  time  suflBciently  to  allow  for  the  formation  of 
the  beds  ft,  c,  and  rf,  and  the  intervals  between  them.  It  appears,  then, 
that  while  we  are  able  to  assign  a  sort  of  rough  limit  to  the  time  re- 
quired for  the  deposition  of  one  bed,  composed  of  a  number  of  laminae, 
we  can  rarely  assign  any  approximate  limit  to  the  time  required  for 
the  formation  of  a  number  of  beds.  Not  only  have  we  to  multiply  the 
first  period  by  the  number  of  the  beds,  but  to  allow  for  an  equal 
number  of  intercalated  intervals,  of  altogether  uncertain  duration,  to 
represent  the  pauses  that  occurred  between  the  formation  of  each  two 
contiguous  beds. 

*  Emznon'8  American  Geology. 


Fig.  25. 
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These  intercalated  intenrali  would  be  most  probably  grmier  than  the  periods 
of  deposition,  because  we  cannot  imagine  any  drcomstances  that  can  keep  np  a 
continaous  or  rapid  deposition  of  earthy  matter,  whether  chemical  or  mechaninil, 
for  a  long  i)eriod  of  time,  in  any  one  particular  locality.  All  we  know,  or  can 
conceive,  of  the  accumnlation  of  earthy  matters  in  the  seas  or  lakes  of  the  present 
day,  shows  the  action  to  be  partial  and  occasional,  a  bed  of  sand  being  formed 
here,  a  patch  of  mud  deposited  there,  a  bank  of  pebbles  accumulated  in  one  place, 
a  bed  of  oysters  or  other  shells  growing  in  another,  so  that  the  bottom  of  the  sea 
becomes  gradually  covered  by  several  unconnected  patches  of  deposition  of  different 
kinds,  lying  side  by  side.  All  our  experience  shows  that  for  any  great  thickness 
or  vertical  succession  of  beds  like  these  to  be  formed,  in  other  words,  for  the  dq>th 
of  water  to  be  materially  diminished  (except  in  narrow  bays  and  inlets),  a  great 
length  of  time  is  required.  The  soundings  in  shallow  and  weU-fraquented  seas, 
such  as  those  around  the  British  Islands,  certainly  do  not  alter  very  rapidly,  al- 
though they  doubtless  do  change  in  the  course  of  centuries.  In  searduuts  the 
character  of  the  bottom  is  marked  in  different  places  as  **  mud,"  "  sand,'*  **  sand 
and  shells,"  "small  stones,"  and  so  on,  and  these  characters  remain  sufficiently 
constant  to  be  used  fur  many  years,  in  combination  with  the  depth  of  water,  as  a 
guide  to  the  seaman,  and  enable  him  to  determine  the  situation  of  his  vesseL 

In  a  vertical  series  of  beds  of  rock,  then,  we  may  feel  sure  that  each  bed  will 
be  to  that  below  it  like  Salius  to  Nisus  in  the  foot-race,  **  proximus  huic,  kogo 
sed  proximus  intervallo;'*  and  a  third  will  follow  "spatio  post  deinde  reUcto.** 
Whether  we  take  the  whole  earth  generally,  or  any  particular  sea  or  ocean,  and 
limit  ourselves  to  the  consideration  of  any  given  period  of  time,  we  must  look  upon 
the  deposition  of  mineral  matter  as  the  exception,  not  the  rule.  Of  many  hundred 
thousand  square  nules  of  sea,  only  one  perhaps  is  receiving  at  any  one  time  the 
accession  of  any  mineral  mattes'  on  to  its  bed.  The  next  successive  deposition  may 
be  veiy  long  deferred,  and  may  occur  either  in  an  adjacent  or  in  a  widdy  separated 
locality ;  and  a  vast  number  of  these  partial  and  detached  acts  of  formation  will 
be  required  before  the  whole  of  any  particular  area  can  be  covered  with  one  or 
more  beds  of  rock.  In  reasoning  on  the  methods  of  production  that  have  been 
concerned  in  the  formation  of  our  great  series  of  stratified  rocks,  which  are  nothing 
else  than  so  many  old  **  sea-bottoms,"  we  are  compelled  to  suppose  a  gradual, 
partial,  and  interrupted  action  to  have  operated  in  their  accumulation,  1^  ihaX 
which  is  producing  similar  beds  in  the  seas  and  lakes  of  our  own  time.  * 

Let  any  one  visit  any  quarry,  and  place  his  finger  on  the  edge  of  the  plane  of 
stratification  between  two  successive  beds,  and  it  will  be  impossible  for  him  to  say 
how  far  the  interval  marked  by  that  plane  of  separation  equals  or  exceeds  the  in- 
tervals required  for  the  deposition  of  the  two  beds.  It  may  often  indicate  the 
lapse  of  thousands  of  years,  for  anything  that  we  can  say  to  the  contrary. 

Iiength  of  Interval  between  Qroupa  of  Beds. — ^When  we  rise  from 
the  consideiation  of  a  series  of  single  beds  to  that  of  a  succession  of  groupe 
of  beds,  we  find  instances,  on  a  still  larger  scale,  of  interyals  having  taken 
place  in  the  deposition  of  strata,  which  at  first  sight  appear  perfectly 
continuous.  Mr.  Prestwichf  shows  that  on  pTftmining  the  rocks  called 
Tertiary,  which  lie  above  the  Chalk  in  France,  they  appear  to  have  a 

*  It  is  unavoidable  that  here  and  elsewhere  in  this  section  of  the  Manual  we  most  to 
some  extent  antloipate  hifonnation  to  be  given  in  more  detail  and  with  filler  reference  to 
the  existing  operations  in  a  sobseqaent  series  of  ch^ters,  or  presuppose  a  certain  amoont 
of  acquaintance  with  these  operations  on  the  part  of  the  student. 

t  In  his  paper  on  the  **  OorrehUion  of  the  Booene  Tertiaiies  of  Bngland,  I^anoe,  and 
Belgium,**  Jowm.  ChoL  8oe.,  vol.  xi.  p.  211. 
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regnlar  continaous  sequence  of  beds  of  sand,  and  clay,  and  limestone,  in 
which  there  is  no  sign  of  any  interval  haying  happened,  while  in  reality 
a  group  of  the  English  tertiaries,  known  as  the  London  clay,  having  a 
thickness  of  nearly  500  feet  near  London,  was  deposited  in  an  interval 
between  the  formation  of  two  of  the  French  sets  of  beds. 

Mr.  Prestwich  says,  speaking  of  the  series  as  it  exists  in  France,  "  Lithological 
strocture  and  superposition  seem  to  indicate  a  complete  and  perfect  series.  .  .  . 
It  would  nererUieless  seem  that  there  is  a  very  important  interval  between 
the  'Lignites  of  the  Soissonnais*  and  the  '  Lits  Coquilliers/  and  that  at  so 
short  a  distance  aa  from  Kent  to  the  Department  of  the  Oise,  there  is  intro- 
duced, wedgeshaped,  between  these  two  deposits,  the  large  mass  of  the  London 
day,  with  its  multitude  of  original  organic  remains.  Tet  there  is  not  only  no 
evidence  either  of  the  great  lapse  of  time,  or  of  the  important  physical  changes 
which  such  a  formation  indicates,  but  there  is  even  no  cause  for  suspicion  of  such 
a  fact  in  the  apparently  complete  and  continuous  series  of  the  'Sables  Inferieurs' 
of  the  north  of  France.  *'  We  cannot  conceive  the  London  clay  to  have  required 
less  than  some  thousands  of  years  for  its  formation,  and  it  may  more  probably 
have  been  many  tens  of  thousands,  during  which  interval  either  no  corresponding 
deposition  was  taking  place  over  the  area  now  forming  part  of  the  north  of  France 
(though  deposition  did  take  place  both  before  and  after  this  period,  equally  in 
tiie  seas  which  covered  what  is  now  France,  and  what  is  now  ^gland),  or  if  any 
corresponding  strata  were  laid  down,  they  have  since  been  removed  in  such  a  way 
as  to  leave  no  trace  of  their  ever  having  existed,  or  of  the  process  of  "  denudation" 
by  which  they  were  removed. 

These  facts  have  not  hitherto  been  sufficiently  insisted  upon,  since 
they  have  a  most  important  bearing  on  the  theoretical  conclusions  of 
geologists.  We  have  been  too  apt  to  regard  solely  the  positive  evi- 
dence of  lapse  of  time,  afforded  by  a  successive  series  of  beds,  and 
to  suppose  ihat  succession  to  have  been  continuous  when  it  was  in  fact 
a  most  broken  and  interrupted  one.* 

Bxtent  and  Termination  of  Beds. — ^The  fact  that  a  set  of  beds  is 
present  in  one  locality  and  absent  in  another,  whether  that  set  be  one 
of  the  large  groups  which  we  call  "  formations,"  or  merely  two  or  three 
beds  ending  in  a  quarry,  as  in  Fig.  25,  leads  us  to  another  conclusion 
respecting  beds  of  stratified  rock,  namely,  that  although  sometimes  very 
widely  spread,  they  were  not  of  indefinite  extent,  but  did  end  somewhere. 
This  ending  is  generally  a  gradual  one,  the  bed  or  set  of  beds  becoming 
thinner  and  thinner,  till  at  last  it  disappears.  Sometimes,  however,  the 
termination  is  more  abnipt. 

The  extent  of  single  beds  is  most  certainly  ascertained  in  ooal-mining,  in  which 
the  horixontal  (or  lateral)  extension  of  beds  is  followed.  For  instance,  in  South 
Staffordshire  a  bed  of  smooth  black  shale,  a  little  below  the  Thick  or  Ten-yaid 
coal,  is  known  as  the  **  Table  batt"  It  has  a  thickness  of  from  two  to  four  feet, 
and  extends  over  all  the  greater  portion  of  the  South  Staffordshire  coalfield — 

*  Afl  the  result  of  my  thirty  jwn*  ezperienoe  of  observation  and  reflection  on  stntifled 
roeks,  I  am  inclined  to  regard  their  formation  as  a  series  of  partial  and  exceptional  acts, 
instead  o(  a  normal  and  continuous  operation ;  while  even  of  the  series  that  was  formed,  we 
have  in  many  eases  only  the  ruins  remaining. 
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places  where  it  is  known  being  ten  or  twelve  miles  apart  from  each  other  in  dif- 
ferent directions.  Its  original  extension  was  probably  much  greater,  since  the 
beds  now  disappear  in  one  direction  by  "  cropping  out,"  and  are  buried  in  others 
at  too  great  a  depth  to  be  followed.  Known  beds  of  coal,  with  a  particular  desig- 
nation, such  as  '*  Heathen  coal,"  extend  over  still  wider  areas,  and  similar  facts 
occur  abundantly  in  most  coalfields.  Mr.  Hull  says,  **  that  one  bed  of  coal  called 
in  part  of  the  Lancashire  coalfield  the  '  Arley  mine,*  but  known  by  other  names 
in  other  parts,  spreads  over  the  greater  part  of  the  coalfield,  which  has  an  area  of 
192  square  miles.  * 

Neither  is  the  great  extension  of  single  beds  confined  to  those  containing  coal, 
but  is  found  wherever  there  are  beds  of  a  sufficiently  remarkable  character  to  be 
noticed  and  recognised.  A  little  bed  called  the  Bone-bed,  from  its  containing 
peculiar  frtigmeuts  of  fossil  bones,  which  lies  just  at  the  top  of  the  New  Red 
Sandstone  of  the  south  of  England,  is  found  both  at  Axmouth  in  Devonshire,  and 
at  Westbury  and  Aust  in  Gloucestershire — places  fully  sixty  miles  apart — the  bed 
itself  never  being  more  than  two  or  three  feet  thick,  and  fr^uently  only  as  many 
inches.  It  was  even  stated  by  Mr.  Strickland,  that  he  had  identified  this  same 
bed  in  the  form  of  a  white  micaceous  sandstone  up  to  Defford  in  Worcestersliire,f 
104  miles  from  Axmouth,  and  at  Golden  Cliff  and  St  Hilary  in  Glamorganshire. 
Similarly,  a  bone-bed  at  the  top  of  the  Ludlow  rock,  never  more  than  a  foot  thick, 
and  frequently  only  one  or  two  inches,  has  been  traced  at  intervals  over  a  space 
of  forty-five  miles  from  Pyrton  Passage  to  the  banks  of  the  Teme  near  Ludlow. 
I  have  myself  observed  in  the  south  of  Ireland  a  bed  of  peculiar  quartzose  con- 
glomerate, usually  about  a  foot  thick,  in  the  middle  of  the  Lower  limestone  shale 
at  several  places  in  the  counties  of  Cork  and  Waterford,  which  show  that  it  must 
have  spread  originally  over  an  area  of  at  least  300  square  miles. 

Whether  these  beds  be  absolutely  continuous  or  not  over  all  the  intervening 
spaces,  these  facts  are  sufficient  to  prove  the  uniformity  of  conditions  over  veiy 
large  areas,  so  that,  wherever  deposition  took  place,  it  was  of  precisely  the  same 
character.  In  the  case  of  the  bone-beds  mentioned  above,  the  conditions  under 
which  they  were  deposited  seem  to  have  been  so  very  peculiar  that  they  may  pep- 
haps  be  looked  upon  as  exceptions  rather  than  as  examples  of  a  rule.  It  is  nsefol, 
however,  sometimes  to  know  what  is  possible  as  well  as  what  commonly  occurs  ; 
nor,  perhaps,  would  such  apparent  exceptions  be  found  to  be  very  uncommon,  if 
it  were  more  often  possible  to  trace  a  single  bed  over  the  whole  area  which  it 
occupies. 

When  from  a  single  thin  bed  we  come  to  the  examination  of  a 
group  of  a  few  beds,  the  instances  of  mineral  identity  over  very  wide 
areas  become  still  more  frequent.  This  is  especially  observable  when 
the  group  of  beds  is  of  a  character  quite  different  from  the  laiger  mass 
of  rocks  in  which  they  lie  ;  provided  that  difference  points  to  a  state 
of  greater  tranquillity  or  quietness  of  action  during  the  time  of  deposi- 
tion, as  would  a  bed  of  day  occurring  in  a  group  of  sandstone  bedis,  or 
a  bed  of  limestone  or  coal  occurring  in  others  having  a  purely  mechanical 
origin. 

We  may  take,  as  an  example,  what  is  called  the  Bala  limestone  in  North 
Wales.  This  is  a  little  group  of  a  few  beds,  rarely  exceeding  twenty  feet  in  thidc- 
ness,  lying  in  a  series  of  grey  slaty  rocks  several  thousand  feet  in  thickness.  The 
lowest  bed  of  the  limestone  is  generally  black  and  crystalline,  over  which  are 

*  CocUfidds  of  Great  Britain. 
t  ProceedUigs  of  the  Geological  Society  cf  London,  vol.  iiL  pp.  585  and  78S. 
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several  beds  of  hard  crystalline  concretionary  and  nodular  limestone  of  a  grey 
colour,  alternating  with  more  shaly  or  slaty  beds.  These  contain  small  black 
phosphatic  nodnles,  possibly  of  a  coprolitic  origin.*  The  softer  argillaceous  bands 
wear  away  more  rapidly  than  the  crystalline  layers,  which  accordingly  stand  out 
in  relief  like  a  cornice  moulding.  By  these  characters  the  Bala  limestone  may 
often  be  perceived  at  the  distance  of  half-a-mile  on  the  side  of  a  hill,  and  distin- 
guished  from  the  rocks  of  hard  gritty  slate  above  and  below  it.  It  extends  from 
near  Dinas  Mowddwy  on  the  south,  to  Cader  Dinmael  on  the  north,  a  distance  of 
22  miles,  and  from  near  Llanrhaidr  yn  Mochnant  on  the  east,  to  the  vaUey  of 
Penmachno  on  the  west,  a  distance  of  24  miles  ;  thus  occupying  an  area  of  400 
or  500  square  miles  at  least.  It  probably  was  once  much  more  extensive ;  because, 
though  we  reach  its  apparent  original  termination  in  one  direction  near  Dinas 
Mowddwy,  where  it  dwindles  to  a  thickness  of  two  or  three  feet,  in  others  its  pre- 
sent "  outcrop "  shows  no  symptom  of  diminution  of  thickness  or  other  sign  of 
original  termination. 

On  the  other  hand,  some  beds,  even  of  a  considerable  thickness,  have  a 
remarkably  small  extension,  being  mere  cakes,  thick  in  the  middle,  and  thinning 
out  rapidly  in  every  direction.  This  happens  sometimes  with  all  kinds  of  aqueous 
rocks ;  but  is  the  more  usual  characteristic  of  the  coarser  mechanically-formed 
rocks,  being  more  common  in  sandstones  than  in  cla3rs  and  shales,  and  more  fre- 
quent in  conglomerates  than  in  sandstones.  Beds  of  sandstone  in  the  coal  dis- 
Uicts  are  sometimes  found  to  thicken  or  thin  out  very  rapidly.  This  is  easily 
observable  where  sandstone  beds  are  known  to  the  colliers  by  specific  names,  and 
where  the  coal-pits  are  near  together.  The  miners  are  occasionally  thrown  out  in 
their  calculations  as  to  the  depth  at  which  particular  coals  will  be  found  by  these 
irregularities,  which  are  sometimes  so  great  and  rapid  as  to  be  called  "  faults  **  by 
men  not  accustomed  to  precision  in  the  terms  they  use.  Such  an  instance  occurs 
near  Wednesbury,  in  South  Staffordshire,  where  a  bed  of  sandstone  known  by  the 
name  of  the  "  New  Mine  rock  '*  thickens  out  frx)m  nine  feet  to  seventy-eight  feet 
in  the  course  of  a  few  yards'  horizontal  distance.  In  other  parts  of  the  district 
this  sandstone  varies  from  fifteen  to  sixty  feet,  and  in  some  places  is  entirely 
wanting. 

In  examining  sandstones  and  conglomerates,  the  conglomerates  or 
old  gravel-beds  are  often  found  to  be  very  partial  and  irr^^ular,  form- 
ing steep-sided  banks  and  mounds  enveloped  in  satnd.  In  these  cases, 
although  it  was  obviously  a  work  of  time  for  the  pebbles  to  have  been 
ground  down  from  their  original  laige  and  angular  condition  to  their 
present  small  rounded  form,  and  although  we  may  veiy  well  suppose 
them  to  have  been  washed  about  from  place  to  place,  and  thus  to  have 
eventually  travelled  far  from  their  original  site,  yet  their  final  deposi- 
tion in  the  place  whei'e  we  now  find  them  was  probably  a  rather  rapid 
action.  Conglomerates,  then,  may  be  quoted  as  examples  either  of  the 
length  of  time  required  for  their  formation  or  of  its  shortness,  according 
as  we  look  to  the  preparation  of  their  materials  or  the  actual  deposition 
of  them. 

Belation  between  the  Extent  and  the  Composition  of  a  Bed. — It 
may  be  stated  as  a  general  rule,  that  the  finer  the  materials  of  which  a 
bed  is  composed,  the  wider  is  its  area  and  the  more  equable  its  thick- 
ness, and  the  rule  holds  equally  good  for  groups  of  beds.  In  a  group 
*  A  "  eoprolite  "  is  the  petrified  dropping  of  some  animal. 
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of  beds  made  up  of  altematjons  of  fine-grained  and  coaiae  mstenalu,  the 
Tariationa  in  thickneM  in  different  parts  of  ita  area  are  generall;  due 
to  the  duLDgea  that  take  place  in  the  coarser  beds.  In  other  words,  the 
extent  and  equability  of  beds  is  generaUj  in  direct  lelation  with  the 
low  specific  gravity  of  their  materiala,  or  at  leaat  with  their  capacity 
for  floating,  thoae  which  aank  moat  alowly  being  most  widely  and 
equably  diffused  through  the  water,  and  vice  vertA. 

A  most  TemarkaUc  eiunpls  of  the  aboTs  rule  is  sffordsd  m  In  the  Sonth 
Stlffordahirs  coalfleld,  whare  a  gronp  of  "  Coal-iueasan*  "  composed  of  altona- 
UoDs  of  clays,  MndstoDss,  and  coals,  which  at  Eeeington  is  between  SOO  and  400 
fest  in  thickoeas,  thins  out  towards  the  sonth,  by  ths  gradual  dying  away  of  tba 
ahaJM  and  aanditoDea,  so  that  in  ths  spscs  of  Atb  or  sii  miles  ths  dlffsrtnt  bedi  of 
coal  oinie  to  rest  directly  ous  upon  the  other,  and  are  contiiiDed  for  ten  mils  at 
Isast  towards  the  south  as  a  Gomponnd  seam  of  coal,  thirty  feet  thick,  with  bnt  a 
few  shaly  partings  between  the  beds.  * 

Hie  principal  varieties  of  stiatified  lock  aie  usually  found  in  beds 
which  am  thinner,  more  extensive,  and  moie  equable,  in  the  following 
order  ; — 1.  Conglomeratea,  the  thickest,  moat  irregular,  and  occupying 
the  smallest  aiea  ;  2.  Sandstone  ;  3.  Clay  or  Shale  ;  4.  Limestone  ;  6. 
Coal,  the  thinnest,  moat  regular,  and  moat  widely  spread. 

Irregular  and  Oblique  Ziamlnatlon  and  Btrmtifloationi  tomttme* 
catted  "  Falae-BeddisK." — In  shales  the  taminge  are  remarkably  thin 
and  r^ular,  all  parallel  to  each  other,  and  parallel  also  to  the  planes 


of  stratification.     In  many  fine-grained,  and  in  some  coane^gnuned 
sandstones,  this  regularity  and  paralleliBm  likewise  prevails.     In  other 

•  Mmt.  GtoL  9»inv.  8.  SUK  CoaUsM,  M  ed. 


Fig.  27. 
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sandstones,  however,  great  irregularity  is  observable  in  the  laminae  of 
which  the  beds  are  made  up,  the  layers  of  different-coloured  or  different- 
sized  grains  being  oblique  to  the  planes  of  stratification,  and  various 
sets  of  layers  lying  sometimes  at  various  angles  and  inclining  in  dif- 
ferent directions  in  the  same  bed,  as  in  Fig.  26,  which  is  taken  horn  a 
sketch  made  on  the  coast  of  Waterford. 

This  structure  is  a  proof  of  frequent  change  of  direction,  and  pro- 

bably  of  strength,  in 

the  currents  which 
brought  the  sand  into 
the  water.  If  we  sup- 
pose a  current  of  water 
running  over  a  surfeu^e 
which  ends  in  a  slope, 
as  at  a  in  Fig.  27,  it  is 
clear  that  any  sand  which  is  being  drifted  along  the  bottom  from  6, 
will,  on  reaching  a,  roll  down  into  the  comparatively  still  water  of  the 
deeper  part,  and  remain  there  probably  undisturbed.  Layer  after 
layer  of  sand  may  thus  be  deposited  in  an  inclined  position  according 
to  the  slope  of  the  bank.*  On  the  other  hand,  if  any  obstacle  arrests 
the  sand  which  is  being  drifted  along  the  bottom  of  any  water,  some  of 
it  will  be  piled  up  into  a  heap,  and  a  bank  will  be  then  formed  having 
laminsB  more  or  less  inclined.  K  the  current  shifts  its  direction,  another 
bank  may  be  formed,  with  its  laminm  inclined  at  a  different  angle  or 
in  a  differ^it  direction.  Moreover,  after  one  bank  has  been  formed,  a 
subsequent  change  in  the  velocity  or  the  direction  of  the  moving  water 
may  cut  off  and  remove  a  portion  of  it,  or  excavate  a  channel  through 
it,  and  this  hollow  or  fresh  surface  may  be  again  filled  up  or  covered 
over  by  layers  having  a  different  form  from  the  first  In  this  way 
water  subject  to  changes  of  current,  especially  shallow  water  full  of 
eddies,  will  throw  down  or  heap  up  materials  in  a  very  confused  and 
irregular  manner. 

Oblique  lamination  of  beds  is  carried  out  sometimes  to  such  an  ex- 
tent as  to  produce  several  beds,  sometimes  of  no  slight  thickness,  which 
lie  obliquely  to  those  above  and  below  them.  Instances  of  this  were 
observed  and  described  by  Mr.  G.  V.  Du  Noyer  in  the  Dingle  pro- 
montory, on  the  west  coast  of  Ireland.  He  pointed  out  to  me  such 
series  of  beds  lying  obliquely  to  each  other,  both  in  the  cliffs  and  in 
the  shores  exx>osed  at  low  water.     I  have  ^so  observed  a  similar  case 

*  A  very  pretty  little  machine  has  been  invented  by  Mr.  Sorby  for  producing  this  obliqne 
lamination.  Sand  ponred  Into  a  small  trough  is  carried  forwards  by  means  of  a  screw,  and 
flsUing  down  into  a  narrow  space  between  a  board  and  a  sheet  of  glass,  arranges  itself  in 
inclined  layers  according  to  the  rapidity  with  which  the  screw  is  worked  and  the  angle  at 
which  the  instrument  is  held. 

M 
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in  Sonth  StaffoTdshire,  where,  over  a  space  at  least  a  quarter  of  a  mile 
across,  qnarries  were  opened  showing  beds  of  sandstone  inclined  at  an 
angle  of  30°,  while  a  horizontal  bed  of  coal  stretched,  a  little  wa^  below, 
over  the  whole  area. 

Bolla,  Swella,  Honss'  Baoka. — It  is  amodification of  theeame action 
probably  which  has  produced  what  are  called  "rolls,"  "swcIIb,"  or 
"  horses'  bads,"  in  the  Coal  Ueasures,  and  probably  in  other  rocks 
where  thej  remain  less  noticed.  A  long  ridge,  and  sometimes  one  or 
two  parallel  ridges,  of  clay  or  shale  are  occasionally  found  rising  from 
the  floor  through  one  or  more  beds  of  coal,  "  cutting  them  out"  for  a 
certain  distance,  to  use  the  miners'  terms.  The  crest  of  such  a  ridge  is 
sometimes  eight  feet  above  the  floor  of  the  coal,  with  a  very  gentle  in- 
clination on  either  side,  the  beds  of  coal  ending  smoothly  and  gradually 
against  it.*  Its  fonnation  was  obviously  anterior  to  that  of  the  coals 
which  it  "cuts  out ;"  those  coals  and  the  "swell"  itself  being  regularly 
covered  either  by  a  higher  bed  of  coal,  or  by  the  "roof"  of  the  seam, 
without  any  interruption  or  disturbance.  The  swells  are  sometimes  200 
or  300  yards  long,  and  10  or  12  3-ard5  wide  at  the  base.     (See  Fig.  28). 


tn  this  IHg.  a  ia  bUck  doDcb  contalolDg  billa  of  liDiutone ;  t  b  bedi  of  co*l. 

Ourront-Mark  or  Bipplo. — Another  effect  of  current  is  to  produce 

a  ^'  ripple  "  or  "  current-mark  "  on  the  surface  of  a  bed  of  sandstone  or 
sandy  shale.  This  rippled  surface  ia  exactly  the  same  as  that  which  is 
seen  on  the  sands  of  the  sea-shore  when  left  diy  by  the  tide,  and  which 
may  occasionally  be  seen  on  the  sandy  bottom  of  a  biook  or  any  other 
running  water.  It  may  be  observed  also  sometimes  on  sand-hills  on 
dry  land,  where  it  is  produced  by  the  drifting  action  of  the  wind. 
Both  wind  and  water,  as  they  roll  before  them  the  little  grains  of  sand, 
tend  to  pile  them  into  small  ridges,  which  are  perpetually  advancing 
one  on  the  other,  in  consequence  of  the  little  grains  of  sand  being 
successively  pushed  up  the  windward  or  weather  side  of  each  ridge,  and 
then  rolling  over  and  resting  on  the  lee  or  sheltered  side. 

It  is  produced  on  the  sea-beach,  not  in  consequence  of  the  ripple  of 
the  wave  impreaaing  its  own   form  on  the  sand  below,  which  would  be 
an  impossibility,  but  because  of  the  moving  current  of  water  as  the  tide 
•  See  Mnu.  GeoL  Sbtmjt,  B.  ataflbnUbire,  eecond  edition. 
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advances  op  recedes.  Wind  moving  over  the  surface  of  water  causes  a 
ripple  on  that  siirfjEtce.  Wind  or  water  moving  over  the  surface  of  fine 
incoherent  sand  causes  a  similar  ripple  upon  it.  The  ripple  on  the 
surface  of  a  liquid  is  of  course  momentary.  The  ripple  on  the  surface 
of  sand,  however,  remains  permanent  unless  obliterated  by  some  subse- 
quent force.  If  the  rippled  surface  be  covered  by  a  film  of  clay,  or  if 
it  acquire  some  d^ree  of  consolidation  before  another  layer  of  sand  be 
drifted  over  it,  it  may  remain  fixed  for  ever.  In  fine-grained  sand- 
stones, it  is  not  unusual  to  find  many  successive  rippled  surfaces,  one 
under  the  other,  at  spaces  of  some  inches  or  some  feet  apart  vertically, 
the  direction  of  the  ripples  sometimes  varying  very  considerably  on  the 
dififerent  surfaces.  It  is  clear  that  the  under  surface  of  the  layer  of  sand 
which  is  deposited  upon  a  rippled  surface  will  itself  take  a  cast  of  the 
rippled  form.  It  is  sometimes  not  easy  to  determine,  in  detached 
portions  of  such  beds,  which  was  the  original  rippled  surface  and  which 
is  its  cast.  Very  often,  however,  this  can  be  determined  by  their 
difference  in  form,  the  ridges  being  broad  and  equable,  while  the  inter- 
mediate furrows  have  a  little  channel,  the  cast  of  which  makes  a  sharp 
little  crest,  such  as  could  not  be  formed  on  the  summit  of  the  ridge. 
This  feature  is  sometimes  of  use  in  examining  highly  inclined,  per- 
pendicular, or  inverted  beds,  as  helping  us  to  decide  which  was  the 
upper  surface  of  the  beds  in  their  original  undisturbed  position. 

The  existence  of  a  rippled  surface  is  no  evidence  of  itself  as  to  the 
depth  of  the  water  in  which  it  was  formed.  A  current  of  water  of  any 
depth  whatever,  which  pushes  grains  of  sand  along  the  bottom,  may 
produce  a  rippled  surface  on  that  sand.  The  ripple  on  the  surface  of 
water,  or  on  that  of  dry  sand-hills,  is  produced  at  the  bottom  of  the 
atmosphere,  and  if  the  lower  stratum  of  deep  water  moved  in  like 
manner,  it  would  produce  a  similar  effect  Rippled  surfaces  will,  how- 
ever, be  more  frequently  produced  at  the  bottom  of  shallow  than  of  deep 
water,  because  the  requisite  currents  are  more  tequent  in  the  former 
than  in  the  latter. 

The  size  of  the  ripple,  or  the  distance  from  crest  to  crest  of  the 
ridges,  varies  from  half-an-inch  to  eight  or  ten  inches,  with  a  propor- 
tionate variation  in  the  depth  of  the  hollows  between  them.  Sandstones 
of  all  ages,  from  the  oldest  known  rocks  to  the  most  modem,  have  occa- 
sionally rippled  surfaces.  Magnificent  examples  are  sometimes  shown 
in  the  cliffs  of  the  south-west  coast  of  Ireland,  where  highly  inclined 
beds  are  seen  bared  in  the  face  of  the  cliffs  at  the  sides  of  small  bays, 
exposing  most  beautifully  rippled  surfaces  over  an  area  one  or  two 
hundred  feet  in  diameter. 

In  places  where  the  current  was  troubled,  a  modification  of  these 
rippled  surfaces  is  sometimes  produced,  the  bed  being  irregularly  mam- 
millated  on  its  surface,  which  is  pretty  equally,  although  irr^ularly, 
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divided  into  small  hollows  and  pnitabeiances  of  a  fev  inches  diameter. 
Thi£  iurface  stmctnra  maj  be  seen  in  process  of  pn>duction  aov,  on 
shorea  where  spaces  of  sand  are  enclosed  by  rocks,  so  ibat  as  the  tide 
falls  it  is  made  to  run  in  different  directions  anions  the  rock-channels  ; 
but  it  wonld  probablj  be  caused  at  any  depth  at  which  a  current  could 
be  similaily  troubled  and  confnsed.  It  is  not  unfreqnently  seen  among 
gritstoaes,  even  those  of  the  verj  oldest  rocks.  It  might  be  colled 
"dimpled  current-mark.'' 

Hr.  Sorbj  has  shown  that  inferences  maj  be  drawn  from  the  exa- 
mination of  these  "  current-inarks  "  as  to  the  strength  and  directiim  of 
the  currents  that  caused  them,  and  that  we  ma;  thus  reason  back  to 
some  condnsions  as  to  the  physical  gei^raphy  of  particular  districts  in 
foimer  geolc^cal  periods.*'  From  these,  as  from  other  phjsieal 
atructnres  in  rocks,  we  infer  that  the  strength,  velodtj,  and  mode  of 
action  of  moving  wat«r  is  the  old  geological  periods  were  of  the  same  kind 
and  intensity  es  those  with  which  we  are  familiar  at  the  present  day. 

ContempoFsmeona  Kraiion  and  FlUiOK  up. — Stratified  rocks  some- 
times occur  in  such  a  way  with  respect  to  each  other  as  to  show  that  a 
bed,  not  only  of  sand,  but  of  day,  coal,  or  other  soft  rock,  after  being 
formed,  has  had  channels  or  hollows  cut  into  it  by  currents  of  W»tCT, 
and  these' hollows  hare  been  filled  up  by  a  part  of  the  bed  next  depo- 
sited.    In  Fig.  29,  taken  from  a  road-cutting  in  the  New  Bed  Sandstone 


at  Eudge  Heath,  near  Wolverhampton,  1  was  a  bed  of  red  and  white 
marl  or  day  ;  S,  a  chocolate-brown  sandstone  with  irregular  beds  and 
patches  of  marl  ;  3,  a  bed  of  red  marl,  like  l,bnt  which  seemed  at  one 
time  to  have  been  thicker  than  now,  and  to  have  had  some  part  of  its 
npper  surface  carried  off  before  the  deposition  of  4,  which  was  a  brown 
sandstone,  that  in  like  manner  seemed  to  have  had  its  upper  surface 
eroded  and  the  hollows  filled  up  by  the  deposition  of  b,  which  was  a 
mottled,  red  brown  and  white,  calcareous  sandstone,  or  comstone. 

•  He  hB»  mora  tccenllj  sUinni  the  »i1it«nce  of  Mroctnr«  resembling  ordlnuT  and 
dlnpUd  "caireDt-nmiu"  on  theeurAca  of  b«d>  of  nlu-gcblat  In  Bcotland  (Q,  G.  S.  L.,  TOL 
xtx.  p-  401X  iLowIng  that  tbeae  mloa-actUiti  van  originally  beda  of  ailt. 
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Tbia  erodoD  ■ometimH  affecti  STea  ■  imill  group  of  bsda.  In  the  tertiary  b«di 
Dear  Paria,  which  are  believad  to  have  been  depogited  in  a  shallow  baj  or  gulf, 
readring  rivers,  and  therefors  travereed  by  camnts,  this  Btructure  U  fraqoent. 
Two  remarkable  eiamplu  were  observable  in  the  large  excavntioa  near  the  tet- 
minua  of  the  Booen  railwa;  in  the  year  1853.  Id  a  cliff  aboat  10  feet  high  in  the 
fmh-water  limestooe  formation,  called  the  Cilcairt  Bt.  Ouen,  I  saw  two  trough- 
like  hollowa  aboat  GO  jards  apart ;  the  beds  previouslr  formed  having  been  eica- 
Tated  for  a  depth  of  20  feet  and  ■  width  of  IS,  and  the  hollows  thiu  formed  being 
filled  np  by  irregular  meniacua-shaped  *  eipauaions  of  the  apper  beda.  (See 
Fig.  80.) 


gimilar  trough-like  hcllowa  are  met  with  in  coat-mining,  the  coal  being  eaten 
away,  and  the  hoUawe  flilsd  up  by  the  matter  which  compoaea  ita  roof,  such  as  clay, 
■hale,  or  Huidstoae.  Hr.  Buddie  has  described  vety  fiilly  one  met  with  in  the  Forest 
of  Dora,  where  the  miners  gave  the  came  of  "  the  bone  "  to  the  stuff  which  thus 
aeaaed  to  come  down  and  pma  out  the  coal.  This  troogh  was  found  to  branch 
whan  traced  OTsr  a  considerable  ares,  and  to  assume  all  the  appearance  of  haring 
beni  formed  by  a  little  stream  with  small  trihutariea  falliag  into  it ;  the  channels 
of  the  itreain  being  afterwardi  filled  np  by  the  aabseqnently  deposited  materials 
tiiat  were  spread  OTer  the  whole  coal.f 

Aikotbn  modiflcation  of  this  eronive  action  is  r«pre*antad  in  fig.  81,  taken 
fnnn  a  iketch  made  in  a  quarry  in  the  neighbourhood  c^  Hobait  Town,  Tiamania, 
where  a  bed  of  toft  brown  unctuous  clay,  about  a  foot  thick  (6),  lying  between  two 
bed*  of  hard  white  sandstone  (a  and  <f),  raddeijy  ended,  and  ita  place  was  occupied 
by  sandstone  (e)  aimllar  In  character  to  the  beds  above  and  below  it.  W«  must 
in  this  case  snppcoe  that  after  the  formation  of  the  bed  of  sandstoas  (a  a),  a  bed 
of  clay  (ft)  was  deposited  over  a  certain  portion  of  the  area,  and  that  then  a  current 
of  water  wore  back  the  little  bed  of  clay,  so  as  to  form  a  small  cliff  or  step,  and 
afterwards  deposited  the  sand  {c)  against  it,  as  represEnled  in  the  diagiam.  The 
two  beds,  thus  exactly  on  the  same  level,  but  lurf  ezocUy  confempDniiuoui,  vera 
finally  covered  by  the  bed  of  sandstone  (d  d),  which  spread  eqotjly  over  both  of 
them.  Such  beta  give  us  farther  proof  of  the  length  of  the  intervals  which  may 
elapw  between  tb«  formation  of  two  beda,  sneh  as  a  and  A  and  also  oantion  ns  not 
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in  all  cases  to  infer  strict  synchronism  from  the  fact  of  beds  occupying  the 
geological  horizon. 
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Pig.  81. 
Eroded  terminatton  of  bed  of  clay,  with  sandstone  fonned  agdnst  it  (Hobait  Town,  Tasmania) . 

Contemporaneity  of  Beds  on  same  Horison. — If  a  group  of  beds, 
whether  large  or  small,  have  the  arrangement  shown  in  Fig.  32,  the 
B 
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order  of  the  formation  of  the  beds  is  clear  enough  as  regards  a,  b,  and 
c  ;  but  d^  d^  may  either  have  been  deposited  contemporaneously,  or  one 
before  the  other  ;  e  is  clearly  subsequent  to  them  both  ;  but  the  rela- 
tive age  of/*  and  /^  is  uncertain,  while  there  is  no  doubt  about  that  of 
ff  and  k.  If  we  wished  to  estimate  the  whole  time  consumed  in  the  for- 
mation of  such  a  set  of  beds,  it  would  be  obviously  wrong  merely  to  take 
their  mean  thickness,  as  shown  at  A  6,  for  the  measure  of  that  time. 
The  whole  thickness  of  a  had  been  deposited  before  h  had  been  begun, 
and  both  were  complete  before  c  was  formed.  K,  therefore,  we  assume 
thickness,  or  quantity  of  material  deposited,  as  the  measure  of  time 
occupied  in  deposition,  it  is  clear  that  we  should  add  together  the  maxima 
of  a,  b,  c,  and  not  take  their  mean  ;  and  in  doing  this,  we  should  feel 
some  doubt  as  to  whether  we  ought  not  to  reckon  d^  and  d*,  and  simi- 
larly /*  and  /",  as  two  consecutive  beds,  instead  of  supposing  them  to 
have  been  formed  at  the  same  time. 

The  more  carefully  we  study  the  stratified  rocks,  the  more  extensive 
become  the  periods  of  time  we  have  to  allow  for  their  formation^  and 
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the  more  nuinerous  and  longer  are  the  intervals  of  non- deposition  that 
occur  to  lis. 

Intersferatifloation,  Assooiation,  and  Alternation  of  Beds. — ^No 
general  rule  can  be  laid  down  as  to  the  association  of  different  kinds  of 
beds  with  one  another.  Limestones,  sandstones,  and  clays,  occur  either 
in  separate  groups,  or  interstratified  one  with  the  other  in  every  ima- 
ginable variety  of  disposition.  We  have  sometimes  a  series  of  beds, 
many  hundreds  of  feet  in  aggregate  thickness,  of  nearly  pure  limestone, 
with  scarcely  a  single  seam  of  day  or  sand,  even  so  much  as  an  inch 
thick.  Instances  of  tins  are  shown  in  the  Chalk  of  the  south-east  of 
England,  and  the  Carboniferous  Limestone  of  Derbyshire,  and  of  large 
portions  of  Ireland. 

In  the  case  of  the  Chalk,  there  is  in  some  places  a  thickness  of  as  much  as  1000 
feet  of  soft^  almost  powdery,  and  nearly  pure,  white  carbonate  of  lime,  that  looks 
more  like  an  artificial  than  a  natural  product  Its  stratification  even  is  occasion- 
ally indistinct,  as  if  there  had  been  almost  a  continuous  deposit  of  this  material 
with  scarcely  any  interruption,  though  this  is  probably  the  result  of  the  compara- 
tively slight  consolidation  of  the  rock  rather  than  of  its  rapid  accumulation. 

In  the  district  called  Burren,  in  County  Clare,  there  are  hills  more  than  1000 
feet  high,  exposing  slightly  inclined  beds  of  Carboniferous  limestone,  bare  of  soil 
or  any  other  covering,  from  their  summits  down  to  the  sea.  A  thickness  of  1400 
feet,  at  least,  is  thus  shown  without  a  trace  of  any  other  bed  than  grey  limestone, 
except  occasional  nodules  or  thin  seams  of  chert. 

Series  of  beds  of  sandstone,  almost  entirely  devoid  of  calcareous  or  argillaceous 
matter,  and  having  a  total  thickness  of  many  hundred  feet,  likewise  frequently 
occur.  Old  gravel-beds,  now  compacted  into  conglomerate,  are  often  associated 
with  these ;  and  the  sandstones  exhibit  every  variety  of  texture, '  fh>m  lines  of 
small  pebbles  to  the  finest  possible  grains.  In  such  masses  of  sandstone  it  is  rare 
to  find  any  foreign  bodies,  and  mineral  concretions  or  chemical  deposits  hardly 
ever  occur  in  them.  Groups  of  beds  of  almost  pure  clay  also  occur,  making  up  a 
total  thickness  of  several  hundred  feet,  with  hfurdly  a  single  bed  of  sandstone  or 
limestone  to  be  found  in  them. 

While  cases  of  this  accumulation  of  some  particular  kind  of  matter, 
of  great  thickness,  are  by  no  means  rare,  it  is  perhaps  more  usual  to  find 
different  beds  of  rock  alternating  one  with  the  other,  sometimes  so  in- 
terstratified that  there  is  never  a  greater  accumulation  than  twenty  or 
thirty  feet  of  any  one  sort  without  others  interposed  between  them. 
Beds  of  limestone  are  frequently  separated  by  beds  of  day  or  shale, 
which  is  most  commonly  black  or  brown.  These  clays  are  themselves 
sometimes  calcareous,  and  there  seems  occasionally  to  have  been  such  an 
equal  mingling  of  the  two  kinds  of  matter,  that  it  i&  hard  to  say  whether 
it  would  be  most  proper  to  call  the  rock  an  indurated  calcareous  clay  or 
an  argillaceous  limestone.  Such  are  some  of  the  beds  known  as  Calp 
shale  or  Calp  limestone  in  the  neighbourhood  of  Dublin.  Beds  of 
sandstone,  again,  often  alternate  with  such  shales,  so  that  we  get  a  series 
of  beds  consisting  of  alternations  of  all  these  kinds.  Beds  of  limestone 
sometimes  alternate  with  sandstones,  some  of  which  may  likewise  be 
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calcareous  ;  but  it  is  more  rare  to  find  puie  limestone  and  pure  sand- 
stone inteistratified  with  each  other,  than  to  have  clayey  beds  alt^ 
nating  with  either  or  with  both.  Speaking  generally,  indeed,  we  find, 
in  examining  the  vertical  succession  of  beds  of  rock,  an  approach  to  the 
same  kind  of  passage  that  we  sometimes  perceive  in  their  lateral  ex- 
tension. Beds  of  very  fine  and  very  coarse  materials  rarely  rest  directly 
one  upon  the  other.  Conglomerates  are  generally  covered  and  underlaid 
by  sandstones,  and  not  by  days  or  shales.  Coarse  sandstone,  in  the 
same  way,  has  usually  a  bed  of  finer  sandstone  either  above  or  below, 
before  shale  or  day  occurs. 

The  transition  &om  the  conditions  fiavourable  to  the  deposition  of 
one  kind  of  rock  to  those  conducive  to  another  has  generally  been 
graduaL  The  tranquil  water  of  the  open  sea,  which  seems  to  be  the 
general  producer  of  limestone,  becomes  first  invaded  by  gentle  currents, 
bringing  in  findy-suspended  mud,  before  it  is  traversed  by  those  of 
suffident  strength  to  cany  out  the  coarser  material  of  sand.  Not  un- 
frequently,  however,  alternations  of  finer  and  coarser  grained  laminse 
occur  even  in  the  same  bed  of  shale  or  sandstone,  proving  that  the  bed 
was  formed  by  a  succession  of  actions,  and  by  as  many  different  deli- 
veries of  matter  into  the  water  as  there  are  sets  of  alternations. 

It  will  be  wdl,  perhaps,  to  give  here  an  instance  of  alternation  of  beds,  taken 
from  actual  obeerration  and  measurement.  The  following  is  from  a  table  by  Pro- 
fessor Phillips : — * 

No.  B«d8. 

21.  Beds  of  sandstone,  called  Millstone  Grit,  together         .  87 

20.  Beds  of  shale,  taken  together 80 

19.  A  bed  of  limestone 2 

18.  Beds  of  shale 18 

17.  A  bed  of  limestone 8 

16.  Bedsofshde 6 

15.  A  bed  of  limestone 3 

14.  Beds  of  shale,  together 25 

18.  Flinty  diert  (a  compact  siliceous  rock)        ...  16 

12.  A  bed  of  shale 1 

11.  Crow  chert    (Crow  is  a  locd  term)    ....  6 

10.  Shales 9 

9.  Second  crow  chert .  12      ' 

8.  Crow  limestones  (probably  in  several  beds)           .        .  12 

7.  Sandstone  or  gritstone 6 

6.  Coal 1 

5.  Sandstone  or  gritstone 7 

4.  Shales 8 

8.  Gritstone  in  several  beds  *. 88 

2.  Girdles  (a  kind  of  sandstone) 10 

1.  Shales _IS 

868 

*  Otology  of  YorkthiTt^  vol.  IL  p.  M.  In  all  tabular  lists  of  beds  or  formatloiis  in  this 
work,  the  Beries  will  be  arranged  on  the  page  in  their  order  of  superposition,  but  they  wUl 
be  numbered  in  order  of  age,  beginning  with  the  lowest  as  the  oldest  or  first  formed. 
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Ft  In. 
2    7 


10.  OrG7     eryitaUiiis     crinoidal  j      _     . 


9.  Soft    brovn    Mrth;    ibale,  \ 

with  abiindanse  of  fosaib  (   1 1     a 

of  black  chert .  .1 


0    9 


7.  Ore;  compact  limestone        .         3    6 


G.  Thin  irregoUrlj  bedded  lime- 1 
Btonc^  irith  shale  at  top    .  f 
4.  Compact  limettOM 


S.  Ugbirgrtf  compHt  lltnettoue        i 
2.  Black  chert  lajen  in  hard  )      j 
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These  beds  are  grouped  together,  with  some  others,  under  the  name  of  the 
"  Millstone  grit  series,"  by  Professor  Phillips,  it  being  often  necessary  to  supply 
some  one  designation  to  a  complicated  series  consisting  of  all  kinds  of  rock.  In 
sinking  coal-pits,  many  alternations  of  arenaceous  and  argillaceous  rocks,  the  latter 
sometimes  containing  ironstones,  are  almost  invariably  met  with,  beds  of  ooal  of 
different  thickness  and  quality  occurring  here  and  there  in  the  series. 

Numerous  examples  of  vertical  sections  of  coal-pits  are  given  in  the  publications 
of  the  Geological  Survey,  as  well  as  in  other  works,  showing  sometimes  Uie  existence 
of  several  hundreds  of  alternations  of  different  beds  with  a  total  thickness  of  some 
thousands  of  feet 

It  is  to  be  specially  noted,  as  regards  the  occurrence  of  coal,  that  it  almost  in- 
variably rests  on  a  fine  argillaceous  bed,  often  what  is  called  "  fireclay."  This  fact 
is  familiar  even  to  the  miners,  so  that  it  has  received  the  name  of  *'  nnderday "  in 
the  South  Welsh  district,  and  in  others,  as  in  the  South  of  Ireland,  is  called  "  coal 
seat.*'  The  general  order  of  superposition  (or  of  time  of  formation,  for  these  are 
convertible  terms),  is,  1.  Sandstone ;  2.  Clay  ;  8.  Coal ;  4.  Clay.  If  we  disregard 
the  minor  alternations,  we  should  see  this  rule  carried  out  in  almost  all  sections  of 
Coal-measures,  the  clay  above  the  coal  (the  roof)  being  generally  thinner  and 
stronger  (more  shaly)  than  that  immediately  below.  In  some  few  instances  the 
coal  seat  is  arenaceous,  and  still  more  frequently  a  sandstone  or  "  rock  "  roof  may 
be  found. 

The  section  (Fig.  88),  supplied  by  Mr.  G.  V.  Du  Noyer,  was  taken  in  a  quarry 
near  Old  Leighlin,  County  Carlow,  where  the  top  beds  of  the  Upper  Carboniferous 
limestone  of  Ireland  pass  into  the  lower  Coal-measures. 

Iiateral  Ohange  in  the  Iiithologioal  Oharaoten  of  Beds. — ^It  has 

been  already  shown  that  every  bed  must  necessarily  thin  oat  and  termi- 
nate somewhere  on  all  sides,  and  it  has  also  been  shown  that  beds  lying 
side  by  side  on  the  same  horizon  are  often  different  in  lithological  com- 
position. What  is  true  of  one  bed  may  be  true  of  sets  of  beds,  so  that, 
while  the  whole  of  a  set  of  one  kind  of  beds  may  in  one  direction  be 
replaced  by  a  set  of  a  similar  kind,  in  another  the  replacing  set  may  be 
of  a  totally  different  kind  of  rock.  We  might,  for  instance,  in  one  locsdity, 
have  a  series  of  limestones,  resting  one  upon  the  other,  without  the  inter- 
vention of  any  other  beds.  As  we  traced  this  group  across  a  coimtry,  we 
should  perhaps  find  that  little  '^  partings  '*  of  shale  b^an  to  make  their 
appearance  between  some  of  the  beds  of  limestone,  and  that  as  we  pro- 
ceeded these  shales  became  thicker  and  more  numerous,  while  the  lime- 
stones became  thinner  in  proportion.  Some  of  the  limestones  would 
perhaps  then  altogether  disappear,  and  the  shales  themselves  would  be 
partially  replaced  by  beds  of  sandstone,  until  at  length  we  should  find 
our  series  consist  almost  entirely  of  sandstones  and  shales^  with  only  one 
or  two  very  subordinate  beds  of  limestone  perhaps,  to  represent  the 
purely  calcareous  group  Mdth  which  we  commenced.  The  diagram, 
Fig.  34,  gives  a  rough  representation  of  this  lateral  change,  but 
reqidres  to  be  drawn  out  to  twenty  of  thirty  times  its  length  before 
it  could  be  taken  as  a  proximate  delineation  of  the  facts  as  they  occur 
in  nature. 
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The  Bcale  upon  which  these  lateral  changes  of  character  are  carried 
oat  is  altogether  indefinite.  We  see  it  sometimes  take  place  with  respect 
to  a  small  group  of  beds  within  the  limits  of  a  single  quarry  ;  in  other 


Pig.  84. 

In  this  diagram  the  white  bands  are  meant  for  limestones,  the  black  for  shales, 

and  the  dotted  for  sandstones. 

cases,  a  distance  of  a  few  hundred  yards  or  a  few  miles  is  requisite 
before  the  alteration  is  apparent  Some  groups  of  beds,  indeed,  preserve 
their  mineral  characters  but  little  altered  over  whole  countries  or  across 
whole  continents.  Still,  judging  from  what  we  know,  we  must  always 
hold  ourselves  prepared  for  change  even  in  the  rocks  that  seem  most 
constant  in  their  characters  ;  and  as  a  matter  of  fact,  we  know  of  no 
one  group  of  aqueous  rocks  that  preserves  the  same  mineral  characters 
in  all  parts  of  the  earth. 

We  have  many  excellent  examples  of  these  lateral  changes  in  groups  of  strata 
within  the  limits  of  the  British  islands.  We  can  perhaps  hardly  instance  a  more 
characteristic  one  than  that  afforded  by  the  group  of  beds  known  as  the  Lower 
Oolites,  which  are  readily  traceable  in  one  continuous  ridge  from  Somerset,  through 
Gloucestershire  and  the  centre  of  England,  to  the  Humber,  and  reappear  i^ain  as 
high  ground  in  the  north  of  Yorkshire.  These  1)eds  repose  throughout  upon  some 
dark  shales  and  clays  knoMm  as  the  Lias,  and  are  throughout  covered  by  a  thick 
mass  of  clay  called  the  Oxford  Clay,  and  appear  everywhere  to  form  a  continuous 
Boies  of  beds.  The  Lower  Oolites,  which  thus  lie  between  these  two  great  clay 
deposits,  consist,  in  the  south  of  England,  very  largely  of  oolitic  limestones,  and  it 
was  here  they  received  their  name  of  **  The  Oolite,"  while  in  Yorkshire  the  lime- 
•tones  are  replaced  by  sandstones  and  clays,  with  beds  of  coal,  and  the  thickness 
is  considerably  greater  than  in  the  south.*  The  section  of  the  two  groups  may  be 
described  as  follows  : — 


*  The  Gloueesteishire  section  is  taken  fh)m  Conybeare  and  Phillips'  Otology  of  England 
and  Wales,  and  that  of  Yorkshire  fh>m  Professor  Phillips*  Otology  of  Yorkahirt,  with  which 
has  been  compared  his  paper  on  the  Oolite  and  Ironstone  series  of  Yoikshire  in  the  Journal 
ofOu  Gtological  Society  ofLondon,  vol.  xiv.  p.  Si. 
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Still  greater  changes  take  place  in  the  lateral  extension  of  the  larger  group  of 
rocks  known  as  the  Carboniferous  formation,  when  traced  bom  Devonshire  and 
Cornwall  through  the  centre  of  England  into  Scotland,  or  from  the  south  to  the 
north  of  Ireland,  as  will  be  seen  farther  on  when  we  come  to  describe  the  typical 
rocks  of  that  formation. 

If  the  diagram.  Fig.  84,  be  supposed  to  represent  a  series,  not  of  indiTidual 
beds,  but  a  series  of  formations,  so  tiutt  each  of  the  divisions  be  suppoeed  to  be  many 
hundred  feet  thick  and  many  miles  in  extent,  they  will  equally  represent,  in  a 
rude  manner,  the  way  in  which  the  stratified  crust  of  the  earth  is  made  up.  No 
single  bed,  no  group  of  beds,  no  series  of  beds,  no  formation,  is  of  unlimited 
extent.  Tliey  sSi  come  to  an  end  somewhere ;  having,  at  their  first  formation,  by 
the  very  conditions  of  their  production,  gradually  diminished  and  died  away  in 
every  direction  from  some  local  centre  or  centres  of  deposition. 

Nomenolature  of  Oroups  of  Beds. — It  may  be  asked  here,  if  the 
lithological  characters  of  groups  of  beds  be  so  variable,  how  is  it  that 
geologists  identify  rocks  by  the  same  designation  all  over  the  globe  t 
How  is  it  that  we  speak  of  Silurian,  or  Cretaceous,  or  Garbomferotia 
rocks  in  Australia,  in  Africa,  in  Asia,  and  in  America,  as  well  as  in 
Europe  ?  The  answer  is,  that  geological  terms,  when  applied  to  rocks 
in  this  sense,  have  a  purely  chronological  signification ;  they  refer 
to  periods  of  time  ;  they  mean  that  the  rocks  called  Silurian,  for 
instance,  in  Australia,  were  formed  during  the  same  great  period  of  the 
world's  history,  as  those  which  are  called  Silurian  in  Siluria.*  How 
this  is  proved  will  be  shown  farther  on  ;  but  it  is  necessary  here  to 

*  Not  that  strict  contemporaneity  is  affirmed,  but  that  the  SQuiian  rocks  were  fonned 
daring  the  same  relative  period  in  the  history  of  the  development  of  life  in  one  region  as  in 
another,  though  the  period  may  have  been  somewhat  earlier  or  li^er  in  diiltoent  countries. 
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warn  the  student  of  this  meaning,  in  order  that  lie  may  not  form 
enoneoos  notions. 

Earthy  depositions  are  now  taking  place  in  Bass'  Straits,  for  instance, 
as  well  as  in  the  English  Channel :  in  like  manner,  mineral  matter  was 
deposited  contemporaneously  here  and  there  upon  the  earth  at  all 
periods  of  its  history  since  land  and  water  came  into  existence  upon  it 
If  we  can  find  out  those  rocks  which  were  simultaneously  formed,  we 
may  designate  them  by  a  common  name,  simply  to  point  out  the  fact 
of  this  similarity  in  age,  without  inferring  that  they  were  ever  parts  of 
a  continuous  mass,  or  were  formed  of  the  same  materials,  or  were  pro- 
duced exactly  in  the  same  way,  or  under  precisely  similar  conditions. 

Whatever  may  be  the  origin  of  the  name  we  adopt,  whether  it  be 
that  of  their  lithological  character  at  the  locality  where  they  were  first 
described,  or  whether  it  be  derived  from  some  mineral  substance  con- 
tained in  them,  or  from  the  place  where  they  are  best  seen,  or  any 
other  source,  we  must  be  careful  to  recollect  that  the  name  will  usually 
be  a  mere  name  and  not  a  description,  since  its  original  meaning  can 
hardly  ever  be  universally  applicable.  Just  as  we  find  Mr.  White  and  Mr. 
Black,  Mr.  Long  and  Mr.  Short,  with  persons  the  very  reverse,  perhaps, 
of  what  their  names  would  imply,  so  we  may  in  geology  have  the  name 
of  **  red"  or  "  green  sandstone"  affixed  to  rocks  which  in  some  places 
are  neither  red  nor  green,  nor  even  sandstone,  so  we  may  have  "  coal- 
measures"  which  in  some  places  contain  no  coal,  and  "  chalk"  or  "  cre- 
taceous" rocks  which,  in  some  parts  of  the  world,  consist  of  black 
marble,  of  brown  sandstones,  or  of  dark  clay-slate. 

Lateral  and  Vertical  Changes  in  Groups  of  Beds,  the  natural  result 
of  their  Mode  of  Formation. — The  apparent  contradiction  that  arises 
between  the  signification  of  the  name  of  a  group  of  beds  and  their 
lithological  character  is  often  a  difficulty  in  the  way  of  a  beginner ;  but 
when  he  comes  to  reason  on  the  modes  of  formation  of  stratified  rocks, 
he  finds  it  much  easier  to  explain  their  variable  character  by  reference 
to  the  present  course  of  nature,  than  he  would  to  account  for  their 
invariability,  if  each  formation  retained  everywhere  the  same  lithological 
character.* 

«  See  the  remarks  in  a  tnbseqaent  chapter  on  Sea-bottoms,  especially  with^reference  to 
Um  Atlantic  and  Fkciac  Oceana 


CHAPTER   VIL 

JOINTS,  FORMATION  OP  ROCK-BLOCKS. 

We  could  not  long  study  the  stratification  of  aqueous  rocks,  without 
being  struck  by  the  occurrence  of  other  planes  of  division,  which  cut 
the  first  at  various  angles,  and  assist  them  in  dividing  the  rocks  into 
regular  or  irregular  blocks.  We  should,  indeed,  very  soon  perceive  that 
all  rocks,  stratified  or  unstratified,  igneous,  aqueous,  and  metamorphic, 
are  traversed  by  numerous  planes  of  division  of  this  kind.  They  may 
be  seen  in  any  quarry,  or  in  any  natural  or  artificial  excavation  in  any 
solid  rock,  traversing  the  rock  in  various  directions,  and  separating  it 
into  blocks  of  various  shapes  and  sizes.  These  divisional  planes  are 
called  JOINTS.* 

Without  natural  joints  the  quarrying  of  stratified  rocks  would  be 
very  difficult,  and  that  of  unstratified  rocks  almost  impossible.  If  beds 
of  sandstone  or  limestone  were  imdivided  by  natural  joints,  each  block 
would  have  to  be  cut  or  split  by  artificial  means  on  every  side  from  the 
rest  of  the  bed ;  but  in  rocks,  such  as  granite  or  greenstone,  which 
have  no  beds,  the  blocks  would  not  only  have  to  be  cut  away  on  each 
side,  but  underneath  also.  It  would  obviously  be  a  most  difficult  if  not 
impossible  task  to  dig  out  a  large  block  of  granite  from  the  nddst  of  a 
solid  mass  imtraversed  by  any  natural  planes  of  division  of  any  kind. 

Cuboidal  or  Quadrangular  Joints. 

For  the  production  of  natural  blocks  of  rock  there  must  clearly  be, 
at  least,  two  sets  of  joints  in  stratified,  and  three  sets  in  unstratified 
rocks,  each  set  more  or  less  nearly  at  right  angles  to  each  other.  (See 
Figs.  35  and  36.)  If  we  compare  a  set  of  stratified  rocks  to  a  pile  of  slices 
of  bread,  it  is  clear  that  to  divide  these  into  square  pieces,  we  must  cut 
them  in  two  ways,  lengthwise  and  across.  The  unstratified  rocks,  how- 
.  ever,  would  resemble  the  whole  loaf,  which  we  must  cut  at  least  in  three 
directions  in  order  to  divide  it  into  square  pieces,  first  horizontally  into 
slices,  and  then  lengthwise  and  across.  In  addition  to  these  fewest 
possible  sets  of  jointe  in  the  two  kinds  of  rock,  there  are  in  reality 
others  in  various  and  irregular  directions  ;  but  inasmuch  as  three  planes 

*  This  term  is  known  to  most  qaarrymen,  though  they  often  distingniBh  them  as  "  backs  ** 
and  "  ends,"  or  *'  backs  "  and  "  cattors,"  and  often  confound  planes  of  stratiflcation  with 
them.    In  Cornwall  it  appears  that  the  word  "  seam  "  is  often  used  to  denote  a  Joint 
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of  sepantioii  more  or  lees  nearly  at  right  angles  to  each  other  ore  the 
essential  conditiona  for  the  Beparatiou  of  rock  into  blocks,  and  sa  three 
equidistant  planes  at  right  angles  to  each  other  would  form  cubes,  we 
may  speak  of  joints  thns  forming  quadrangalai  blocks  as  euboidal  ox 
quadrangular  joints,  to  distinguish  them  from  those  which  produce 
prisms,  and  we  may  look  upon  three-cornered  and  irregular  blocks  as 
merely  portions  of  euboidal  ones. 

A  (ketch  taken  by  Ur.  Q.  V.  Dn  ISojec,  in  a  limsstone  qnuiy  near  Hallow, 
ia  giren  in  Fig.  85.     Tbe  parallel  Maat,  nearly  horizontal  but  bidining  geDtly  ^m 
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forma  the  dark  surfaces  which  are  at  right  angles  to  the  light  ones,  and  other 
joints  belonging  to  this  set  are  shown  by  the  nearly  vertical  lines  which  are  seen 
upon  those  light  surfaces,  those  lines  being  the  edges  of  joint-planes. 

Fig.  86  is  from  a  sketch  taken  by  Mr.  Du  Noyer,  in  the  large  granite 
quarries  from  which  the  stone  to  form  Kingston  harbour  was  extracted.  It  will 
be  at  once  apparent  that  this  rock  exhibits  no  regular  beds.  One  set  (^  pftrallel 
planes  of  division,  highly  inclined  to  the  right,  seems  to  prevail  in  one  part  of  it, 
and  another  set,  highly  inclined  to  the  left,  in  another  part  These  mi^t  at  first, 
perhaps,  be  in  each  case  taken  for  planes  of  stratification,  and  the  pieces  of  rock 
between  them  be  considered  to  be  beds.  They  are,  however,  merely  two  sets  of 
joints,  and  they  are  crossed  by  a  third  set  producing  the  shaded  faces  of  rock 
which  front  the  spectator.  In  walking  about  the  quarry  each  of  these  three  sets 
of  joints  becomes  most  conspicuous,  according  to  the  point  of  view  which  may  be 
taken ;  while  they  are  sometimes  all  masked  or  obscured  by  a  number  of  oUier 
irregular  joints  which  cut  the  mass  in  many  other  directions. 

Master  Joints, — ^There  is,  indeed,  in  all  rocks,  whether  aqueous  or 
igneous,  a  distinction  to  be  drawn  between  the  ^  master  joints,"  or  those 
large  planes  of  division  which  run  regularly  parallel  to  each  other  over 
large  distances  both  in  length  and  breadth,  and  the  numerous  smaller 
joints  which  often  traverse  the  rock  in  all  directions  for  short  distances, 
and  separate  it  into  small  angular  fragments.  This  distinction  is,  how- 
ever, one  which  it  is  often  difficult  to  point  out,  since  there  are  many 
joints  of  intermediate  character.  Sometimes,  indeed,  in  aqueous  rocks, 
the  joints  are  so  numerous,  and  cut  the  rocks  in  so  many  directions,  that 
the  original  planes  of  stratification  are  altogether  obscured  by  them,  and 
it  is  impossible  to  say  which  are  the  planes  of  original  separation 
between  the  beds,  and  which  are  those  of  subsequent  origin.  There  are 
cases,  on  the  other  hand,  of  joints  a  few  feet  apart  cutting  in  parallel 
lines  through  whole  mountain  masses,  the  space  between  two  nearly 
adjacent  joints  being  eroded  into  a  deep  fissure,  so  as  to  produce  a  more 
marked  feature  in  the  hills  than  their  planes  of  stratification.  Such 
remarkable  joints  are  very  strikingly  exhibited  in  the  mountain  ground 
between  Bantry  and  Eenmare  bays,  in  the  south-west  of  Ireland. 

There  is  in  some  cases  either  great  width  between  the  planes  of  one 
particular  set  of  joints,  or  one  set  is  more  or  less  completely  absent,  so 
that,  in  one  direction,  the  rock  is  unbroken  for  considerable  distances. 
This  must  be  the  case  with  the  rocks  from  which  the  great  monolithic 
pillars  were  extracted  in  the  old  Egyptian  and  other  quarries.  On  the 
shores  of  Newfoimdland  there  are  h^ge  exposures  of  granite,  in  which 
only  one  set  of  perpendicular  'joints  is  apparent,  and  those  having  a 
width  of  several  yards  between  them,  and  running  parallel  for  consider- 
able distances.  Some  of  the  rocks  in  India  also  yield  large  monoliths, 
in  consequence  of  the  absence  of  one  set  of  joints,  or  the  distance  between 
them,  so  that  various  artificial  means  have  to  be  adopted  to  split  the  rocks 
into  blocks  small  enough  for  ordinary  use.  The  beautiful  red  granite  of 
the  Island  of  Mull  is  likewise  remarkable  for  the  persistence  and  domi- 
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nation  of  its  master  joints,  whence  blocks  of  great  length  can  be  extracted 
entire. 

While  the  surfaces  of  a  block  formed  by  the  joints  always  approxi- 
mate to  planes  when  viewed  on  the  large  scale,  they  are  nevertheless 
sometimes  very  uneven,  and  sometimes  even  curved.  I  observed  in  a 
limestone  quarry  near  Foynes,  a  master  joint  that  formed  a  surface  as 
much  curved  as  the  side  of  a  ship,  only  waving  backwards  and  forwards 
in  length,  so  as  to  curve  now  on  the  one  side  and  now  on  the  other  of 
the  perpendicular. 

Open  or  Close  Joints,  —  Joints  are  generally  close,  regular,  and 
symmetrical,  in  proportion  to  the  fineness  of  the  grain  and  the  com- 
pactness of  the  rock,  being  most  irregular  and  uneven  in  coarse  sand- 
stones and  conglomerates.  The  power  of  the  force  which  produces 
them  is,  however,  well  shown  in  hard  conglomerates,  since  pebbles  of 
pure  white  quartz  are  often  cut  as  clean  through  by  the  joints  as  the 
compacted  sand  in  which  they  lia  In  sandstones,  joints  are  frequently 
open ;  in  shales,  they  are  closer,  but  more  smooth  and  regular,  being 
frequently  perfect  planes,  with  the  sides  of  the  blocks  fitting  close 
together.  In  limestones,  there  are  both  close  and  open  joints;  but 
the  open  joints  have  been  widened  by  the  action  of  acidulous  water 
dissolving  the  rock  on  the  sides  of  the  joint  planes.  Qr6at  fissures  are 
sometimes  formed  in  this  way ;  and  this  has  doubtless  been  the  origin 
of  many  of  the  caverns  which  occur  so  abundantly  in  limestone  rocks.* 
In  highly  argillaceous  limestones,  however,  the  joints  are  often  beauti- 
fully smooth,  r^pilar,  and  close. 

SnooessiTe  Formation  of  Joint^ — In  stratified  rocks,  it  often  seems 
as  if  each  bed  had  a  system  of  joints  formed  before  the  other  was 
deposited  upon  it,  inasmuch  as  the  joints  formed  in  one  do  not  pene- 
trate the  other.  There  are,  however,  always  other  joints  common  to  a 
whole  set  of  beds,  and  produced  apparently  in  the  whole  simultaneously. 
It  is  not  imcommon  for  joints,  in  passing  from  one  bed  to  another,  to 
shift  a  little,  or  slightly  change  their  angle.  In  such  cases  it  may 
be  doubtful  whether  a  joint  previously  formed  in  the  one  bed  may 
not  have  given  rise  to  the  formation,  or  at  least  have  modified  the 
position,  of  the  other,  in  the  bed  above. 

JcinU  in  Burren,  County  Clare. — In  the  barony  of  Burren,  in  the  northern 
part  of  the  county  of  Clare,  hills  of  limestone  rise  moae  than  1000  feet  above  the 
sea,  with  the  beds  almost  horizontal,  the  summits  of  the  hills  and  the  terraces 
that  sweep  ronnd  their  sides  showing  broad  floors  of  bare  rock  over  the  whole 
coontry.  The  joints,  which  are  very  nomeroos  and  very  regular,  have  been 
widened  by  the  rain,  so  as  to  form  superficial  crevices,  sometimes  several  inches 
in  width  and  several  feet  in  depth.  The  floors  of  limestone  are  cut  by  them  into 
a  number  of  separate  blocks  of  quadrangular  and  triangular  forms. 

*  This  action  will  be  described  in  the  section  on  Geological  Agencies. 
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The  late  Mr.  F.  J.  Foot,  of  the  Geological  Survey,  who  examined  thia  district, 
has  given  a  detailed  account  of  these  joints*    The  following  figure  (No.  37)  is  a 

reduced  copy  of  a 
N  A  /       f  I  /      «  P^*"  which  he  con- 

M  /         III  I     /         /    structed  of  some  of 

them  as  they  showed 
themselves  on  the 
surface  of  a  hori- 
zontal bed  of  lime- 
stone, several  feet 
in  thickness,  and 
twelve  or  thirteen 
yards  across.  A 
very  remaricable  cir- 
cumstance was  the 
occurrence  of  two 
sets  of  joints  nm- 
ning  nearly  N.  and 
S.,  one  a  little  to  the 
£.  of  N.,  the  other 
a  little  to  the  west 
of  it,  so  as  to  pro- 
duce large  wedge- 
shaped  blocks,  seve- 
ral  feet  long,  ending 
^'    '  *  in  angles  sometimes 

as  sharp  as  5^  One  of  these  is  shown  at  the  N.W.  comer  of  the  figure,  but  they 
were  occasionally  more  numerous.  Many  of  the  joint-planes  could  be  followed 
even  for  two  or  three  hundred  yards,  but  others  sometimes  ended  abruptly,  not 
only  where  crossed  by  another  joint,  but  in  the  centre  of  a  block  of  rock.  &)me- 
times  the  neighbourhood  of  one  joint-plane,  or  the  space  between  two,  if  they 
happened  to  be  within  a  yard  or  so  of  each  other,  exhibited  a  numl^er  of  closely 
adjacent  minor  parallel  joints  not  more  than  an  inch  or  so  apart,  splitting  the  beds 
across  into  vertical  slabs.  It  is  probably  to  the  weathering  of  the  vertical  slabs 
thus  produced  that  the  long  parallel  crevices  are  due  which  have  been  already 
mentioned  as  remarkable  on  the  steep  sides  of  the  hills  about  Bantry  Bay  and 
other  places.  The  union  of  square,  sharply  triangular,  and  curved-sided  blocks, 
with  deep  fissures  between  them,  the  surfaces  and  edges  of  the  blocks  being 
curiously  rounded  and  chaimelled  by  the  rain  into  ornamental  fret- work,  as  if  the 
white  limestone  were  melting  ice,  produces  a  most  singular  scene,  to  which  beauty 
is  added  by  the  magnificent  ferns  and  other  plants  growing  in  the  crevices  of  the 
joints,  which  seem  to  act  as  natural  conservatories  to  protect  the  vegetation  ftom 
rough  weather. 

Face,  Slyne,  or  Cleat  in  CoaL  —  Beds  of  coal  exhibit  not  only 
lai^e  distant  joints,  like  all  other  rocks,  but  a  more  minute  structure 
dividing  the  mass  of  the  coal  into  small  cuboidal  lumps.  This  structure 
may  be  observed  in  any  lump  of  coal  taken  from  the  coal-hod,  and  if 
the  student  will  take  such  a  lump  and  place  it  on  the  table  before  him, 
he  will  at  once  have  an  excellent  model  of  lamination,  stratification, 
and  jointing,  as  well  as  this  other  structure. 

*  Bee  Explanation  of  Sheets  114, 132,  and  123,  of  the  Maps  of  the  Geological  Survey  o 
Ireland. 
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The  coal  splits  most  readily  along  the  planes  of  lamination,  or  ''  with 
the  grain"  as  it  would  be  commonly  expressed.  The  suifaces  thus 
exposed  on  the  tops  and  bottoms  of  the  lumps  are  generally  dull  and 
earthy,  and  readily  soil  the  fingers.  At  right  angles  to  these  surfaces 
others  may  be  observed  which  are  generally  bright,  and  if  the  coal  be 
freshly  broken,  these  surfaces  soil  the  fingers  much  less  than  those  on 
the  top  and  bottom  of  the  lump.  The  bright  surfaces  which  cut  verti- 
cally  across  the  lamination  of  the  coal  are  generally  at  right  angles  to 
each  other,  so  as  to  make  a  number  of  square  comers,  and  one  set  of 
them  is  usually  more  persistent  than  the  other,  making  large  smooth 
sides  to  the  lump,  while  the  other  sides  are  more  jagged.  The  first 
large  smooth  vertical  surfaces  are  known  by  the  name  of  "  the  face," 
"  the  slyne,"  or  "  the  deet"  of  the  coal  in  different  districts — the  more 
interrupted  set  being  spoken  of  sometimes  as  ''  the  end"  of  the  coal. 
The  "  face"  of  the  coal  is  the  most  necessary  thing  to  attend  to  in  lay- 
ing out  the  working  galleries  or  gate-roads  of  a  coal-mine,  since  it  retains 
its  parallelism  over  very  large*  areas,  and  the  main  galleries  must 
necessarily  be  driven  along  it,  while  the  cross  galleries  run  along  the 
"  end"  of  the  coal  Sometimes  the  "  face"  of  the  coal  suddenly  changes 
its  direction,  and  I  was  assured  by  Mr.  Peace  jun.  of  Wigan,  when 
eiamining  his  coal-mines,  that  this  is  especially  the  case  on  opposite 
sides  of  a  large  fault  In  some  cases  this  occurs  even  in  the  same  col- 
liery, as  at  the  Haigh  Colliery,  near  Wigan,  in  which  the  face  of  the 
coal  at  one  part  runs  in  a  direction  20°  or  30°  different  from  that  in 
another,  involving  a  similar  obliquity  in  the  "  gate-roads."  t 

Professor  Phillips  X  says,  that  in  the  whole  of  the  North  of  England 
coalfields  the  strike  of  the  cleat,  or  face,  is  about  north-west  and  south- 
east, whatever  may  be  the  strike  or  dip  of  the  beds.  Mr.  Warrington 
Smyth  §  says  that  in  some  parts  of  the  North  of  England  the  two  planes 
of  division  are  oblique  to  each  other,  so  as  to  make  "  rhombohedral " 
coaL  Indurated  black  shales,  especially  when  slightly  calcareous,  some- 
times separate  into  small  regular  rhombohedral  slabs,  not  more  than  an 
inch  in  diameter. 

I  believe  this  to  be  a  true  "  joint"  structure,  carried  out  more  com- 

*  In' Inquiring  of  ft  collier  in  tbe  Nottinghamshire  coftlfleld,  in  the  year  1838,  as  to  the 
direction  of  *'the  slyne"  (as  the  face  is  there  calledX  I  was  informed  that  it  "faced  two 
o'clock  son,  like  as  it  does  all  over  the  world,  as  ever  I  heered  on,"  by  which  I  understood 
that  the  sun  would  shine  directly  upon  it  at  two  o*clock  in  the  afternoon  in  an  open  work, 
or  that  the  planes  ran  about  W.N.  W.  and  E.S.E.,  and  were  persistent  in  their  direction,  in 
&U  my  informant's  district  at  all  events. 

t  In  the  Wigan  district  the  "  gate-roads  "  are  called  "  brows,**  and  are  spoken  of  as  "  up- 
brows"  and  "  down-brows,"  according  as  they  rise  or  decline  from  the  "levels."  The 
shorter  passages  which  connect  these  "  brows'*  are  called  "  drifts." 

t  In  his  Beport  on  Cleavage,  presented  to  the  British  Association  for  1856  (p.  896> 

I  In  his  exceUent  little  wuric  on  Coal  and  Coal-Mininif. 


180  GEOGNOSY. 

pletely  and  minutely  througli  the  mass  of  tlie  coal  than  through  m(»t 
other  rocks,  as  we  might  expect  in  one  of  such  a  fine  grain,  light  spedfic 
gravity,  and  homogeneous  snhstance,  as  coal,  and  one  that  has  been 
subject  to  so  much  contraction  as  it  passed  from  a  mere  mass  of  vegetable 
matter  into  the  consistence  of  a  rock. 

Dip-Joints  and  Strike-Joints. — ^When  a  joint  runs  in.  the  direc- 
tion in  which  the  strata  are  inclined  (or  with  their  dip),  it  is  called  a 
dip-joint ;  when  it  runs  at  a  right  angle  to  the  dip  (or  along  the  t^rik^j 
it  is  known  as  a  strike-joint. 

Art  of  Quarrying. — The  shape  of  a  quarry  will  depend  altogether 
on  the  direction  of  the  master  joints  which  traverse  the  stone.  One  set 
of  these  joints  will  form  what  is  called  the  "  face"  or  "  back"  t)f  the 
quarry,  or  the  boundary  wall  towards  which  the  men  are  at  any  time 
working,  while  the  other  set  of  joints  at  right  angles  to  these  are  those 
along  which  they  work,  and  these  are  called  the  '^  ends,"  or  sometimes 
the  '^  cutters'*  of  the  stone.  The  terms  seem  often  to  be  used  rather 
vaguely  by  quarrymen,  just  as  they  use  the  term  **  bed"  or  "  floor"  to 
signify  sometimes  a  true  bed  surface,  sometimes  merely  a  surface  formed 
by  a  horizontal  joint.  Whatever  may  be  the  terms  used,  however,  it 
is  dear  that  the  whole  art  of  quarrying  consists  in  taking  advantage  of 
the  natural  division  of  rock  by  joints  and  planes  of  lamination  and 
stratification  where  the  latter  exist 

Prisxnatio  Joints. 

The  joints  hitherto  spoken  of  produce  blocks  which  are  more  or  less 
cuboidal  in  shape.  In  some  rocks,  however,  the  jointed  structure  has 
a  tendency  to  produce  long  polygonal  prisms,  often  resembling  dry 
starch,  in  their  irregular  and  wrinkled  sides.  This  prismatic  jointing  is 
most  frequently  exhibited  in  igneous  rocks,  such  as  the  doleritic  lavas 
and  the  traps,  being  especially  characteristic  of  basalt,  but  occurring 
sometimes  almost  as  perfectly  in  some  greenstones  and  felstonea  There 
is  even  sometimes  an  approximation  to  it  in  granite,  for  the  possibility 
of  procuring  long  monoliths  is  the  result  of  a  more  or  less  prismatic 
arrangement  in  the  joints.* 

It  is  also  observable  in  sandstones  and  clays  that  have  been  acted 
on  by  great  heat,  either  naturally  or  artificially,  and  is  occasionally, 
though  rarely,  observable  in  purely  aqueous  rocks,  especially  those  of 
a  chemical  origin. 

I  observed,  in  the  year  1855,  a  good  example  of  prismatic  jointing  in  tiie 
gypeum  qnanies  of  Chaumont,  near  Montmartre,  Paris.  Two  beds,  each  six  or  eight 

*  The  oolnmnar  stractore  is  sometimes  perceptible  in  the  granite  of  ComwaU.    See 
Tran$.  22oyaI  G*ol.  5oc.— Cornwall,  yol.  ill.  p.  290. 
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feet  thick,  of  ciTstalline  granular  gjrpenm  occur  there,  intei'stratified  with  the  fresh- 
water marls  and  limestones, 
and  each  of  these  was  affected 
by  a  prismatic  jointing,  while 
in  the  soft  clays  between  them 
few  or  no  joints  were  obserr- 
able.  The  prisms  were  pretty 
regolarly  triangular  and  hexa- 
gonal, as  in  Fig.  38,  and 
seemed  to  have  be^  produced 
by  the  intersection  of  three 
sets  of  vertical  equidistant 
planes  crossing  each  other  at 
angles  of  60*.  If  three  such 
sets  of  planes  intersect  each 
other  in  the  same  points, 
triangular  figures  only  could 
be  produced  ;  but  if  the  planes 
be  so  arranged  as  that  no 
more  than  two  should  ever 
intersect  at  the  same  i>oint, 
and  that  each  point  of  inter- 
section be  equidistant  from 
the  planes  of  the  third  set,  the 
result  will  be  the  production 
of  a  series  of  regular  hexagons 


Fig.  88. 


and  triangles,  as  shown  in  the    Joints  in  beds  of  granular  gypsum  (Chanmont,  near 
figure.  Faris). 

Columnar  basalt  is  a  familiar  example  of  this  prismatic  jointing. 

Basalt  occurs  sometimes  in  thick  horizontal  beds,  the  columns  in  that 

case  being  vertical,  sometimes  in  highly  inclined  or  vertical  dykes,  in 

which  case  the  columns  are  nearly  or  quite  horizontal     In  each  case 

the  columns  are  at  right  angles  to  the  surfaces  of  the  mass,  where  the 

consolidation  would  necessarily  commence,  and  appear  to  have  struck 

thence  into  the  interior.     It  is  often  observable  that  in  dykes  the 

columns  are  separated  in  the  middle,  and  do  not  fit  each  other,  as  if 

each  set  had  originated  at  the  side  of  the  dyke^  and  struck  towards  the 

centre,  where  they  met,  but  did  not  coalesce,  as  in  Fig.  39.   In  some  cases 

the  columns  are  more  or  less  unbroken  for  many  feet,  a  few  cross  joints 

only  occurring  at  irregular  intervals.     This  is  especially  the  case  in 

prismatic  felstones. 

Articulated  ColumnB  in  Basalt. — In  other  cases,  howeyer,  especially  in 
the  most  perfectly  columnar  basalts,  the  columns  are  articulated,  each  prism  being 
separated  into  vertebne,  with  a  cup  and  ball  socket  occasionally  developed  on 
their  upper  or  lower  surfaces.  The  origin  of  this  articulated  cup  and  ball  structure 
was  explained  by  the  observations  of  Mr.  Gregory  Watt  If  a  mass  of  basalt 
be  melted  in  a  furnace,  and  allowed  to  cool  again,  the  following  results  may  be 
observed.  If  a  small  part  be  allowed  to  cool  quickly,  a  kind  of  slag-like  glass  is 
frarmed,  not  differing  in  appearance  from  obsidian.  If  it  cool  in  larger  mass  and 
more  slowly,  it  returns  to  a  stony  state.    During  this  process  small  globules  make 


tbair  appMnnoe,  wMch,  vai;  lawll  «t  Brrt,  increaae  bf  the  BncoeesiTe  tan 

of  ectsrnal  concantric  ctMa,  like  those  of  kn  onioo.    As  eit«mid  coats  sre  snc- 

_  , , ^  oeeslyely  formed,  Uie  iotenul 

ones  seem  to  coalesce  and  dis- 
sppear,  »o  that  oltimatelT  s 
.  number  of  Ui^  eoUd  balls 
are  formed,  each  enveloped 
in  serenl  concentric  coats. 
As  then  bstls  JDcnHM  in  sin 
their  eitemal  coats  at  length 
touch,  uul  then  matuallj 
comptess  each  other.  Nov, 
fn  a  layer  of  equal-sized  balls, 
each  ball  is  tonched  bjr 
eiactl;  six  atben  (see  Fig- 
ID),  and  if  these  be  then 
sqneeied  tonether  by  an  eqaal 
force  acting  in  Bvery  directmn, 
every  ball  will  be  sqneued 
into  a  regular  hexagon.  Bet 
the  same  result  will  follov 
from  an  equal  expaasire  force 
acting  ttom  the  centiv  of  each 
hall,  or  from  the  tendency  to 
Indsfinite  enlargement  iu  Uieir 
_  .      ,     .  ^      .V^',        ,  .       ..  concentric  coato.     Each  siAe- 

converted  into  a  short  hexa- 
gonal piUsr.  Bat  if  there  are  many  piles  of  balls  one  above  soother,  each  ball 
resting  directly  and  centrically  on  the  one  below  it,  we  should  have  a  long 
coinmn  of  these  hexaKonal  joints,  and  the  top  and  Irattom  of  each  joint  either 

cording  lo  variations  in  the 

pressure  at  the  ends  of  the 
columns. 

This  appesraoce  of  a  globu- 
lar concretionary  structure  is 
doubtless  merely  a  case  of  the 
tendency  to  form  nodules,  pes-   { 
ssssed  t^  many  rocks,  to  which    ' 
reference  will  be  made  in  a 
subsequent  chapter,  and  does 
not  in  Itself  give  rise  to  the    j 
columnar  structure  observed 
fu  basalt  and  other  rocks.  The 
eolanuMr  form  is  merely  an 
instanos  of  prismatic  jointing, 
and  exists  in  many  rocks  which  "^'  *"' 

exhibit  no  tendency  to  the  produddon  of  regular  artlcniatlons  in  the  colnnma,  nor 
any  cup  and  ball  stnictare  in  the  surfaces  of  those  siticulatioos,  nor  any  appear- 
ancs  of  nodular  balls  with  concentric  coats.  It  is  the  ssme  tendency  to  fonn 
columns,  while  the  substance  consolidates,  which  is  exhibited  by  starch.  In 
starch  this  columnar  structure  seems  to  have  a  tendency  to  radiata  from  certain 
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centres,  and  the  same  tendency  may  often  be  seen  in  basalt  and  other  igneous 
rocks.* 

The  pillars  of  basalt  are  usually  from  6  to  18  inches  in  diameter,  and 
vaiy  in  length  from  an  inch  or  two  to  100  or  150,  or  sometimes  (according 
to  Haoculloch),  to  400  feet.  Columnar  greenstone  is  commonly  on  a  larger 
scale,  the  pillars  being  sometimes  5  or  6  or  even  8  feet  in  diameter,  and  the 
oolamnar  form  of  the  rock  is  often  only  to  be  perceived  at  a  distance.  Almost  all 
greenstone  exhibits  the  tendency  to  decompose  into  rounded  spheroidal  blocks,  on 
which  we  have  just  seen  the  columnar  structure  partly  to  depend.  Felstone  is 
sometimes  alao  beautifully  columnar,  of  which  an  admirable  example  may  be  seen 
in  a  small  -paaa  to  the  southward  of  Lough  Qitane,  near  Killamey,t  where  the 
columns  are  200  feet  long.  Great  masses  of  columnar  felstone  are  idso  to  be  seen 
about  Snowdon  and  other  places  in  North  Wales,  t  The  syenite  of  Ailsa  Craig, 
in  the  Firth  of  Clyde,  shows  large  rude  columns,  9  feet  across,  and  upwards  of 
400  feet  high.  § 

Sliokensides. — In  many  cases,  especially  among  igneous  rocks,  the 
surfaces  of  joints,  as  well  as  the  opposite  walls  of  "  faultb,*'  are  coated 
over  with  a  film  of  mineral  matter  (carbonate  of  lime,  epidote,  hsematite, 
etc)  exhibiting  very  distinct  parallel  striae.  These  striated  surfaces  are 
called  slickeiisides.  They  occur  more  abundantly  in  districts  which  have 
been  much  aflfected  by  movements  of  disturbance. 

CauBo  of  Joint  Struoture. — In  seeking  for  a  cause  for  the  production 
of  joints  in  rocks,  the  most  obvious  one  that  occurs  to  us  is  the  con- 
traction of  the  rock  during  its  consolidation.  Mud  or  clay  cracks  in 
drying,  molten  rock  shrinks  and  cracks  in  cooling.  One  of  the  chief 
difficulties  experienced  in  large  castings  either  of  molten  metal  or  in 
plaster  casts  is  to  guard  against  the  formation  of  cracks,  and  this  diffi- 
culty increases  with  the  bulk  of  the  material.  It  has  been  several  times 
attempted  to  turn  to  account  the  "  slags  "  derived  from  iron  furnaces  by 
allowing  them  to  run  into  moulds.  An  attempt  was  once  made  in 
South  Staffordshire  to  run  them  into  moulds  of  the  size  of  large  buUding- 
Btones,  and  I  have  seen  a  large  wall  made  of  these  molten  blocks.  The 
attempt,  however,  was  abandoned,  because  after  a  short  time  the  blocks 
crumbled  into  small  cuboidal  fragments,  in  consequence  of  the  numerous 
minute  concealed  "joints"  that  traversed  them. 

In  examining  the  newly  formed  beds  of  stone  in  the  small  islands 
upon  coral  reefs,  I  always  found  them  divided  by  joints  like  other  rocks. 
The  consolidation  of  this  stone  was  obviously  due  to  the  action  of  rain- 
water dissolving  part  of  the  carbonate  of  lime  and  redepositing  it  as  a 
cement,  so  as  to  bind  together  the  previously  incoherent  coral  sand  ;  for 
the  stone  generally  rested  on,  and  was  surrounded  by,  coral  sand  still 

*  For  fllastrations  of  the  colnnmar  structure  see  the  Chapter  on  the  Trap-Bocks  viewed 
as  Bock-Masses. 

t  See  papers  by  Messrs.  Da  Noyer  and  Foot,  Jcur.  GeoL  Soc.  DublUi,  1866;  and  Explana- 
tion of  Sheet  184  of  the  Maps  of  GeoL  Surv.  Ireland. 

X  See  Professor  Bainsay's  Memoir  on  North  Wales,  Mm.  Oeol  Swrv.,  vol.  ilL  p.' 112. 

I  Bee  MaecoUoch's  W9$ttm  I$le»,  voL  it  p.  493.    SytUm  af  Otology,  iL  p.  187. 
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incoherent  Among  the  coral  islands  on  the  north-east  coast  of  Australia 
I  often  observed  several  beds  of  stone  resting  on  each  other,  each  more 
than  a  foot  thick,  inclined  at  an  angle  of  8^  or  10^  ;  that  is  to  say,  at 
the  same  angle  as  the  slope  of  the  beach  or  bank  of  sand  on  which  they 
rested.  They  had  to  all  appearance  been  consolidated  in  this  position. 
The  joints  which  traversed  them,  although  often  uneven  and  jagged, 
ran  in  straight  parallel  lines  over  spaces  sometimes  of  200  yards,  or  as 
far  as  they  could  be  seen,  their  planes  being  generally  vertical,  one  set 
of  joints  running  along  the  greatest  linear  extension  of  the  mass  (strike- 
joints),  and  the  other  set  directly  across  the  former,  and  in  the  same 
direction  as  the  inclination  of  the  mass  (dip-joints).  It  seems  difficult 
even  to  imagine  any  other  origin  for  the  joints  in  these  cases  than  the 
action  of  contraction  upon  the  consolidation  of  that  portion  of  the  mass 
which  was  converted  from  loose  sand  into  solid  stone. 

It  does  not  by  any  means  foUow  that  all  the  joints  in  any  mass  of 
rock  should  be  formed  at  once.  The  consolidation  of  the  mass  may 
take  place  slowly  and  gradually,  and  successive  sets  of  joints  be  produced 
in  it  at  different  times  during  that  process.  A  rock  moreover  may  be  at 
some  subsequent  period  more  consolidated,  and  a  fresh  set  of  joints  may 
be  produced  in  it  Neither  does  it  follow  that  contraction  on  consoli- 
dation is  the  only  agent  that  can  produce  joints,  since  they  may  be 
formed  in  a  mass  of  rock  that  is  in  a  state  of  tension  from  a  mechani- 
cally expanding  force. 

The  short  joints  confined  to  individual  beds  of  stratified  rocks  may 
have  been  those  first  formed  on  the  original  consolidation  of  the  one 
bed  before  the  other  was  deposited  on  it,  those  joints  being  then  perhaps 
quite  imperceptible  divisional  planes,  with  no  interspace  between  the 
blocks.  Whole  sets  of  beds  may  have  subsequently  been  subject  to  one, 
two,  or  more  actions,  which  may  have  produced  larger  joints  traversing 
the  whole  mass.  Still  more  extensive  joints  may  have  been  formed 
subsequently  by  the  mechanical  agency  of  forces  acting  on  the  crust  of 
the  globe.  In  those  parts  where  the  rocks  have  been  subjected  to  the 
expanding  power  of  heat,  and  the  consequent  contraction  on  its  with- 
drawal, many  more  numerous  joints  may  have  split  the  rocks  into 
smaller  and  smaller  blocks,  as  is  sometimes  to  be  seen  in  the  aqueous 
rocks  in  contact  with  trap-dykes  or  other  igneous  masses.  It  would  be 
no  easy  task  now  to  assign  to  each  particular  cause  the  numerous  joints 
which  may  be  observed  in  all  highly  indurated  and  disturbed  rocks.* 

Apparent  Absence  of  Joints  at  great  depths. — It  is  often  said  by 
vein-miners  who  have  worked  at  great  depths,  that  the  jointed  structure 
of  rocks  fades  away  and  disappears  in  the  deeper  parts  of  the  mines. 
This,  however,  is  probably  a  case  of  the  rule  ''  de  non  apparentibus  et 

*  See  papers  on  Jointing  by  Professor  Sedgwick ;  by  Professor  Harkness,  /onmol  GeoL 
Soc  Lond.,  vol.  xr.  p.  37 ;  and  by  Dr.  Haughton,  Phil.  Tran9.,  toL  cxlviii.  part  a. 
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non  existentibuB  eadem  est  ratia**  All  the  joints  near  the  surface  are 
more  or  less  acted  on  by  the  weather.  The  deeper  seated  rocks  may- 
be just  as  much  trayersed  by  joints,  but  they  are  merely  mathematical 
planes  of  division,  the  faces  of  the  blocks  adhering  as  closely  as  if  they 
did  not  exist  till  the  weather  makes  them  apparent,  or  some  force  tears 
the  blocks  asunder. 

Surface  Sxhibition  of  Joints. — ^In  some  places  the  jointed  structure 
of  rocks  is  sufficiently  striking  to  attract  the  notice  even  of  ungeological 
observers.  In  Van  Diemen^s  Land,  at  a  place  called  Eagle  Hawk  Neck, 
the  rock,  of  which  a  large  surface  is  exposed  at  low  water,  is  so  regu- 
larly cut  by  joints  into  equal  cubes,  of  about  one  foot  in  the  side,  that 
it  has  become  a  local  celebrity,  under  the  name  of  the  *^  tessellated  pave- 
ment" The  study  of  joints  and  the  other  divisional  planes  of  rocks, 
and  the  different  forms  assumed  by  them  in  consequence,  both  when 
freshly  exposed  and  when  modified  by  ''  weathering,"  is  as  necessary  for 
the  landscape-painter  who  wishes  to  reproduce  nature,  as  is  the  study  of 
anatomy  to  the  figure-painter.  Mr.  Ruskin  has  handled  this  subject  in 
his  usual  masterly  style.* 

Natural  STOsion  of  Books  in  oonsequenoe  of  Joints. — ^The  jointed  struc- 
ture of  rocks  fsicilitates  their  remoyal  by  natural  causes,  as  it  does  their  artificial 
extraction  by  tie  quanyman.  In  clifis  a  alight  undermining  action,  if  it  happen 
to  cut  back  to  a  strong  vertical  or  highly  inclined  joint,  running  parallel  to  the 
shore,  causes  the  ruin  of  vast  masses  of  rock.  Not  unfrequently,  too,  a  long  strip 
of  rock  lying  between  two  well-marked  joints,  closer  than  usual  together,  and  run- 
ning  into  the  land  at  right  angles  to  the  coast,  has  been  entirely  cut  out,  giving 
access  to  the  eroding  action  of  the  breakers  deep  in  among  the  rocks  on  each  side 
of  it 

A  rock,  even  though  very  hard,  such  as  quartz-rock  or  crystalline  limestone, 
will  be  much  more  easily  carried  away  by  breakers  or  other  moving  water,  if  it  be 
cut  up  by  many  joints  into  blocks  of  a  convenient  size  and  shape,  than  much  more 
yielding  rock,  if  it  be  massive,  and  either  unjointed,  or  the  joints  be  few  and  far 
between,  and  the  sides  of  the  blocks  very  close  together,  so  as  not  to  admit  easily 
of  the  access  of  either  air  or  water,  f 

•  See  Modem  Painters,  vol.  iv.,  etc. 
t  See  the  description  of  sea  action  in  the  section  on  Geological  Agencies. 


CHAPTER   VIII. 


INCLINATION   OF   BEDS. 


The  Dip  and  Strike  of  Beda. — The  inclination  of  beds  downwards 
into  the  earth  is  technically  called  their  "  dip."  It  is  measured  by  the 
angle  between  the  plane  of  the  beds  and  the  plane  of  the  horizon.  In 
the  map,  Fig.  41,  the  beds  dip  S.S.E.  at  an  angle  increasing  from  35° 
to  60°.  When  we  speak  of  the  opposite  of  "dip,**  we  use  the  term 
"  rise.**  For  instance,  the  beds  in  the  figure  dip  to  the  south,  and  rise  to  the 
north.  The  place  where  each  bed  rises  out  to  the  surface  of  the  ground 
is  called  its  "  outcrop  **  or  "  basset**  We  say  that  such  and  such  beds 
"  crop  out  **  to  the  surface,  and  we  speak  of  the  "  basset  **  edges  of  the 
beds.  Miners  use  these  and  other  terms,  such  as  "  coming  out  to  the 
day,**  "  rising  up  to  the  grass,**  when  speaking  of  the  "  outcrop  **  of  any 
bed  or  beds.  The  line  at  right  angles  to  the  dip — ^that  is,  the  line  of 
outcrop  of  a  bed  along  a  level  surface — ^is  called  its  "  strike,'*  a  term 
introduced  from  the  Qerman  by  Professor  Sedgwick.  It  ifi  described 
by  its  line  of  compass  bearing,  either  true  or  magnetic*  Coal-miners 
commonly  speak  of  this  as  the  "  level  bearing  *'  of  a  bed,  seeing  that  if 
you  draw  a  line  or  drive  a  gallery  along  a  bed  exactly  at  right  angles 
to  its  line  of  dip  or  inclination,  it  must  of  necessity  be  on  a  true  level 
or  have  no  incliuation  either  way.  It  must  be  recollected  that  the 
strike  of  a  bed  will  coincide  with  its  outcrop  only  when  the  surface  of 
the  ground  is  horizontal  If  the  surface  be  highly  inclined,  the  out- 
crop of  the  bed  will  depart  from  the  true  strike  in  proportion  to  the 
inclination  of  the  surface,  until  it  coincide  with  the  dip  when  the  sur- 
face becomes  perpendicular. 

If,  then,  a  bed  "  dips**  due  north  or  due  south,  its  "strike**  will  be 
due  east  and  west  If  we  know  the  direction  of  the  "  dip  **  of  a  bed, 
accordingly,  we  also  know  the  exact  bearing  of  its  "  strike  ;**  but  if  we 
only  know  the  strike,  we  do  not  necessarily  learn  either  the  direction 
or  amount  of  its  "  dip,**  because  it  may  incline  to  either  side  of  the  line 
of  strike,  and  to  any  amount  from  the  horizontal  plane.  In  making 
observations,  then,  in  field  geology,  it  is  most  important  to  observe 

*  Geologists  generally  use  trae  compass  bearings,  a  practice  that  ought  to  be  adopted 
universally  in  all  land  operations. 
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accDTBtd;  the  direction  of  the  dip  of  all  etratified  rocks.     It  is  also 
important  to  know  ita  amount  ;  but  thia  need  not  be  obaerred  with 


ng.  (1.    OMlogloal  Usp. 
mich  imnut«  uxaraty,  eicept  in  special  cases,  since  it  is  apt  t 
continnally  to  the  amonnt  of  3°  or  4°. 


G«ologio«l  Mqi  mnd  SactloD. — In  order  to  make  tha  eiptuwtion  mon 

clear,  let  Figs.  41  uid  42  ti«  a  rottgb  mftp,  and  ■  aection  acro«a  it,  of  a  (apposed 
piece  at  gromid  near  the  shore^  and  let  Uiem  boUi  be  drawn  on  a  seals  of  aboat 
100  yard*  (or  300  feet)  to  the  ioch. 
Id  the  map.  Fig.  41,  let  A  A  be  a 
Tockf  beach,  exposed  at  low  water  ; 
B  B  ■  line  of  cliff  about  100  feet  in 
beight  ;  and  C  C  the  lorfaoe  of  a 
country  above  the  clitT,  with  the  mck 
exposed  in  several  piacea,  either  on 
the  lummita  of  eminencss   or   the 
botlflms  of  quarries.     The  arrows 
will  point  out  the  direction  of  the 
dip,  the  figures  abowing  its  amonnL 
This  amount  increases  from  36*  on 
the  north  to  60°  on  the  south,  and 
we  may  assume  this  incraue  to  be 
qnita  gradual,  or  that  the  beds  an 
parts  of  cnrres,  and  not  of  perfectly 
Htiaight  planes.     Then  let  D  D  be  a 
line  of  section,  or  supposed  cutting 
at  right  sngtes  to  the  strike  of  tbe 
beds,  and  let  this  section  (Fig.  43) 
be  drawn  «o  a«  to  give  the  true  out- 
line of  the  ground  aciosa  which  it 
passes,  and  represent  the  beds  in  tha 
true  position  they  would  be  se«o  to 
occupy  were  such  a  catting  or  dilT 
I    really   tormed.        Being    drawn    at 
I    riglit  angles  to  the  strike,  it  runs  of 
I    coorse  along  the  line  of  the  direction 
I    of  the  dip,  and  its  bearing,  as  hete 
!    drawn,  is  about  28*  west  of  north 
and  east  of  south.    The  latter,  then, 
:    is  the  dtrtcHon  of  tiie  dip.     The 
.    bearing  of   the  strike  will  conse- 
quently  be  28°  north  of  east  if  we 
look  in  one  direction,  28°  south  of 
'    west  if  we  look  in  the  other.   In  such 
:    a  locality  aa  this,  if  we  marked  out 
'    the  boundaries  of  the  beds  oorrectly 
on  our  map,  we  nhonld  feel  sure  at 
the  conectneBB  not  only  of  the  map 
I     bnt   of  the  section,  and  we  should 
know  the  position  of  the  beds  not 
only  above  the  leral  of  the  sea  but 
for  a  considerable  distance  below  it 
p.    jj  If,  for  instance,  at  the  point  d  in 

the  map.  we  wished  to  determine  the 

Vrtl«l «.«..  .Im,  lb.  11..  »  D  II.  ».        „rti^'d.pll,  ol  tUMl,  m  .loiJd 
"■P.  "8-  ''-  Boe  at  once,  by  constructing  the  see- 

tion,  that  the  depth  of  *  under  d  would  be,  according  to  the  scale,  rather  more 
than  425  feet 

It  would  be  easy  for  ns  also  to  ascertain  the  total  actoal  thickness  of  the  whole 
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set  of  beds  shown  on  the  map,  either  by  actual  measurement  of  each  bed  along 
the  shore,  or  by  constracting  a  section  founded  on  the  observation  of  their  angle 
of  dip  and  the  width  of  their  outcrop.  The  actual  thickness  of  the  beds  cut  by 
the  sea-level  line  in  the  section'  Fig.  42,  for  instance,  would  be  a  little  over  850 
feet  That  is  to  say,  those  beds,  if  they  were  horizontal,  would  be  850  feet  from 
top  to  bottom  ;  if  they  were  vertical,  it  would  be  850  feet  directly  across  them  ; 
while  in  their  present  inclined  position  a  horizontal  line  across  their  outcrop 
measures  1200  feet* 

If  we  proceeded  to  trace  those  beds  into  the  country  aXoTig  their  strike,  how- 
ever much  the  direction  of  the  strike  or  the  angU  of  the  dip  might  vaiy,  or  how- 
ever they  might  be  concealed  by  grass,  soil,  or  superficial  covering,  we  should 
always  have  to  recollect  that  there  was  a  thickness  of  850  feet  of  beds  to  be  found 
or  allowed  for  somewhere ;  and  if  we  came  to  a  quarry  or  a  cutting  where  the  bed 
2,  for  instance,  was  shown,  and  we  were  able  certainly  to  identify  it,  we  should 
expect  there  to  find  all  the  other  beds  above  and  below  it  that  we  had  found  above 
and  below  it  where  they  were  clearly  exhibited.  We  should  feel  sure  we  were 
right  in  this,  if  in  the  expected  spots,  at  the  requisite  distance  on  either  side  of 
it,  we  found  one  or  more  of  the  beds  a,  &,  or  c,  shown  in  other  quarries,  or  cuttings, 
or  cliffs  in  the  neighbourhood,  f  It  is  in  this  way,  by  getting  a  knowledge  of  Uie 
true  section  of  a  series  or  group  of  beds  where  they  are  well  exhibited,  and  follow- 
ing them  across  a  country,  picking  out  one  of  them  here,  and  another  of  them 
there,  in  ditches,  brooks,  river  banks,  cliffs  or  ravines,  wells,  mines,  road  or  rail- 
way cuttings,  and  quarries,  that  geological  maps  are  constructed,  sho¥dng  the 
boundaries  of  the  several  groups  of  rock,  their  range  or  strike  across  a  country, 
and  the  area  of  surface  occupied  by  the  outcrops  of  their  various  members. 

Contortions. — ^Where  the  dip  and  strike  of  the  rocks  are  very 
Rteady,  or  where  they  run  in  nearly  straight  lines  across  a  country,  and 
their  edges  are  not  too  much  concealed  by  superficial  covering,  the  task 
just  mentioned  is  one  of  no  great  difficulty.  In  many  instances,  however, 
neither  the  dip  nor  the  strike  of  a  set  of  beds  remains  constant  over 
any  considerable  spaces.  The  beds  are  bent  and  twisted  about,  so  that, 
instead  of  running  in  straight  lines,  the  basset  edges,  or  outcrops  of  any 
set  of  beds,  follow  crooked  and  curved  lines,  often  doubling  back  and 
running  altogether  out  of  their  former  course.  Moreover,  after  dipping 
down  in  a  certain  direction  for  some  distance,  such  beds  are  frequently 
curved  up  again,  and  rise  to  the  surface  at  some  other  locality,  forming 
basins  or  troughs ;  or,  again,  after  cropping  out  to  the  surface,  the  beds 
underneath  them  are  bent  over  in  a  ridge-like  form,  so  that  the  first 
beds  come  in  and  take  the  ground  again,  dipping  in  an  opposite  direc- 
tion. These  are  often  called  "  saddles.**  Such  bendings  of  the  beds 
occur  on  every  possible  scale,  from  mere  little  local  crumplings  on  the 
side  of  a  bank,  to  curves  of  which  the  radii  are  miles,  and  the  nuclei 

*  In  the  Appendix  will  be  found  a  table  which  will  give  for  difllsrent  angles  of  dip  either 
the  depth  of  aoy  particular  hed  at  any  given  distance  ftom  its  oatcrop,  or  the  thickness  of 
a  group  of  beds  when  the  width  of  their  outcrop  is  measured  at  right  angles  to  their  strike. 

t  In  diagram.  Fig.  41,  the  supposed  quarries  or  exposures  of  rock  in  the  interior  of  the 
conntry  are  thickly  grouped  together ;  but  if  the  reader  wiU  imagine  them  separated  by 
mnch  wider  interrals,  and  scattered  over  a  tax  larger  space,  he  will  have  a  truer  notion  of 
what  QsuaUy  occurs  in  nature. 
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are  mountain  cli&iiu.    When  on  the  small  icale  they  an  commonly 
called  "  coDtortionB,"  as  in  Fig.  43. 


Beds  of  tbe  httTdest  atone,  such  as  compact  or  crystalline  limestone, 
and  hard  eiliceona  gritEtone,  ore  in  some  cases  bent  into  curves  of  the 
most  wonderful  regularity,  so  as  to  look  like  artificial  masonry,  or  a 
series  ot  arches  and  troughs  bnilt  for  some  inexplicable  ptirpose.  More 
usually,  however,  there  is  a  good  deal  of  irregularity  in  the  curves,  and 
this  is  especially  the  case  when  the  beds  acted  oa  consist  of  alternations 
of  different  texture  and  composition. 


The  sketch,  Fig.  44,  represents  part  of  a  series  of  contortions  in  the 
Carboniferous  limestone  of  the  County  Doblin,  as  they  may  be  seen  on 
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the  shore  of  Louglisliiimy,  between  Rush  and  Skerries.  In  this 
locality  they  may  be  studied  not  only  in  section  in  the  cliffs,  but  in 
plan  on  the  shore  at  low  water,  and  some  of  them  may  be  observed 
partly  in  section  and  partly  in  plan,  which  makes  the  locality  an 
exceedingly  interesting  one. 

The  "  saddles  **  and  "  troughs  *'  often  form  long  ovals,  and  look  like 
nests  of  boats,  one  inside  the  other,  some  upright,  but  broken  and  cut 
down  atop,  others  bottom  upwards,  and  broken  into  from  the  outside, 
so  as  to  show  parts  of  those  within.  These  forms  succeed  and  replace 
each  other  in  aU  directions,  and  where  the  one  passes  into  the  other, 
the  crumpling  has  been  sometimes  so  great,  and  the  squeezing  so  severe, 
that  it  is  impossible  to  trace  any  bed,  or  even  any  two  or  three  beds 
through  the  contortion. 

It  will  be  seen  that  in  some  parts  of  the  sketch  (Fig.  43)  the  dark 
8hale-beds  are  wider  than  at  others,  the  soft  shales  having  been 
squeezed  out  from  between  the  limestones  at  one  place,  so  as  to  form 
**  pockets  "  at  another.  This  sometimes  happens,  on  a  still  larger  scale, 
with  the  softer  and  more  squeezable  parts  of  violently  contorted  beds. 
In  the  collieries  near  Kanturk,  Coimty  Cork,  the  culm  and  anthracite 
beds  there,  which  were  originally  perhaps  2  or  3  feet  thick,  expand  in 
some  places  to  a  width  of  20  or  30  feet,  while  at  others  they  dwindle 
down  to  a  single  inch.  The  same  thing  seems  to  occur  with  the  seam 
of  anthracite  in  the  Lower  Silurian  beds  near  Upper  Church,  County 
Tipperary,  and  at  Kilnaleck,  in  the  County  of  Cavan.* 

Very  curious  and  almost  inexplicable  contortions  may  be  seen  occa- 
sionally, but  we  must  recollect  that  the  conditions  under  which  they 
were  produced  were  such  as  it  is  not  often  possible  for  us  to  imitate, 
nor  easy  even  to  imagine.  "When  the  rocks  were  thus  contorted,  they 
were  buried  under  vast  thicknesses,  often  many  thousands  of  feet,  of 
other  rock  ;  the  rocks  above  and  below  them  were  also  of  unequal 
densities,  and  offering  unequal  resistances  to  force  ;  the  forces  of  dis- 
turbance, therefore,  even  if  uuiform  in  their  origin,  would  become  com- 
plicated in  direction,  and  unequal  in  intensity,  by  reason  of  these 
inequalities  in  the  structure  and  position  of  the  rocks,  and  inequalities 
in  the  pressure  of  the  superincumbent  masses. 

Bepetitions  of  disturbing  Action. — ^Another  source  of  confusion  is 
the  repetition  of  a  disturbing  action  upon  rocks  already  disturbed,  the 
subsequent  forces  acting  perhaps  in  directions  different  from  the  early 
ones.  In  Ireland  it  can  be  shown  that  the  Cambrian  rocks  were  greatly 
disturbed  and  contorted  before  the  deposition  of  the  Lower  Silurian,  that 
the  Lower  Silurian  formation  had  in  like  manner  suffered  before  the 
deposition  of  the  Carboniferous,  and  that  the  Carboniferous  had  itself 

•  8««  ExpUmatlon  of  Sheets  145, 1«8,  and  175,  Geol.  Surv.  IreUnd ;  description  by  MeMiB. 
G.  H.  Kinahan  and  A.  B.  Wynne. 
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been  greatly  disturbed  and  often  highly  contorted.  It  is  reasonable 
therefore  to  expect,  what  is  found  to  be  the  fact,  that  the  beds  of  the 
Cambrian  rocks  are  in  some  places  twisted  into  a  confusion  of  curves  and 
knots,  which  it  is  now  a  quite  hopeless  task  to  endeavour  to  unraveL 

Anticlinal  and  Synclinal  Curves.* — When  the  curves  of  the  rocks 
are  of  greater  extent,  we  cease  to  speak  of  them  as  mere  "  contortions." 
If  the  curves  have  long-extended  axes — that  is  to  say,  if  the  beds  are 
bent  up  into  ridges,  or  down  into  troughs,  which  continue  for  consider- 
able lengths,  in  proportion  to  their  widths — ^we  speak  of  them  as 
"  anticlinal "  and  "  synclinal "  curves.  If,  on  the  contrary,  no  diameter 
of  the  curved  area  be  much  longer  than  another,  we  call  them  either 
dome-shaped  elevations,  or  basin-shaped  depressions,  as  the  case  may  be. 

In  the  section  (Fig.  45),  A  is  an  anticlinal,  and  B  is  a  synclinal 
curve,  the  beds  numbered  6,  7,  8,  being  repeated  on  each  side  of  both. 


C  //  est       •» 

Section  on  lino  C  J). 

Pig.  45. 

At  A,  the  lower  beds,  1,  2,  3,  4,  6,  are  seen  rising  out  from  underneath 
them  in  the  form  of  an  arch.  At  B,  the  upper  beds,  9  to  13,  repose 
upon  them  in  the  form  of  a  trough.  It  matters  not  whether  we  sup- 
pose the  spaces,  1,  2,  3,  etc,  to  represent  single  beds,  and  the  hill  at  A 
a  slight  elevation,  or  whether  they  be  taken  as  groups  of  beds,  and  A 
be  supposed  to  be  a  mountain  chain.  The  imaginary  line  which  runs 
from  the  eye  of  the  spectator  through  A  and  B,  and  about  which  the 
beds  may  be  supposed  to  be  bent,  is  called  the  "  axis  "  of  the  curve  in 
each  case.  This  axis  may  be  either  horizontal  or  inclined  ;  if  horizon- 
tal, the  section  across  it  will  cut  the  same  beds  wherever  it  be  taken, 
the  variations  in  its  Outline  being  only  those  in  the  outline  of  the 
ground.  If,  however,  the  axis  be  inclined,  different  sections  will  cut 
different  beds,  even  should  the  outline  of  the  ground  remain  the  same. 

*  The  English  words  "  saddle  and  trough  "  might  be  used  for  these  terms,  wwe  it  not 
that  these  words  are  often  used  by  miners  with  other  meanings.  Near  Llanelly,  in  South 
Wales,  for  instance,  I  found  that  they  spoke  of  a  synclinal  curve  not  as  a  "  trough,*  but  as 
a  "  saddle,"  meaning,  I  suppose,  a  saddle  upside  down.  Moreover,  *•  saddle  and  troofl^'* 
are  often  used  as  denoting  external  forms  of  ground  with  which  the  internal  structure  is 
often  in  direct  opposition,  a  saddle-formed  hill  often  rising  over  a  geological  trough,  or  a 
trough-like  valley  running  along  the  axis  of  an  anticlinal  or  saddle-like  curve  in  tlie  beds. 
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This  is  shown  in  Fig.  46,  which  is  a  supposed  plan  of  the  gronnd  of 
which  Fig.  4fi  is  a  section.     In  this  the  axes,  A  A'  and  B  B',  are  enp- 


poaed  to  incline  downwards  to  the  north,  or  from  the  line  of  section 
C  D,  to  the  other  end  of  the  map,  as  shown  by  the  sttowh,  and  it  is 
obvions  that  the  bed  4,  which  forms  the  apes  of  the  ridge  in  the 
section,  will  slope  downwards  along  the  inclined  axis,  and  if  the  ridge 
of  the  hill  be  kept  np  to  the  same  height,  the  beds  &,  6,  7,  8  will 
neccMarily  arch  over  it.  In  the  same  mj,  if  the  spiclinal  axis  B  B' 
elope  in  tiie  same  direction,  there  must  either  be  a  corresponding  slope 
and  hollow  in  the  sorface  of  the  gronnd,  or  fresh  beds,  14,  15,  16, 
etc,  mnat  come  in,  resting  in  the  hollow  of  1 3.     So  that,  if  we  make 


BactlDa  along  t,  Una  Iwtwcea  0  mi  H. 

another  section,  as  in  Fig^  47,  along  a  line  between  Q  I 


194 


GEOGNOSY. 


in  Fig.  47,  the  ridge  of  the  antidlnal  A  A^  will  be  fonned  by  the  bed 
7  instead  of  4,  all  the  beds  below  7  having  auccessively  sunk  beneath 
the  surface,  and  the  bed  16  will  form  the  hollow  of  the  synclinal  B  B*, 
the  bed  13  being  now  at  a  considerable  depth  below  it,  and  cropping 
out  at  some  distance  on  either  side.* 

Large  anticlinal  and  synclinal  curves  have  often  minor  undulations 
on  their  flanks,  as  suggested  in  Fig.  48,  where  the  letters  a  and  h  show 


Fig.  48. 
Sketch  section,  to  show  m^or  and  minor  folds  in  rocks. 


the  main  anticlinal  and  synclinal,  with  smaller  ones  on  each  side. 
These  minor  undulations  may  be  likened  to  ripples  or  lesser  waves 
riding  on  the  back  of  the  larger  swell  of  the  ocean.  They  are 
especially  remarkable  in  some  of  the  large  anticlinals  in  the  south-west 
of  Ireland. 

It  will  be  readily  understood  that  such  complication  of  forms  as 
these  necessitate  great  labour  in  making  an  accurate  geological  map  of 
a  country,  more  especially  where  the  ground  is  itself  lofty  and  broken, 
and  often  difficult  to  traverse,  while  the  subterranean  complication  is 
often  only  partially  revealed  by  occasional  esposuree  here  and  there  at 
the  surface. 

The  axes,  or  imaginary  central  lines  of  anticlinal  and  synclinal 
curves,  are  sometimes  long  and  steady,  and  the  curves  themselves,  of 
course,  equally  so  ;  sometimes  the  axes  are  short  and  interrupted  whoi 
the  anticlinals  and  synclinals  shrink  into  short  oval  ridges  and  troughs, 
like  those  mentioned  at  p.  190,  and  these  again  pass  into'  strictly 
dome-shaped  elevations  and  basin-shaped  depressions,  when  the  axes 
become  mere  points  or  centres,  from  or  towards  which  the  beds  have 

*  In  the  cant  phrasea  that  have  got  into  use  in  the  Geological  Survey,  the  beds  that 
thus  sink  nnder  the  others  along  the  crest  of  an  anticIiDal  are  said  to  "  nose  in  **  onder 
them,  and  the  beds  that  thus  terminate  across  the  trough  of  a  synclinal  are  said  to  "  noae 
oat "  over  them.  Attention  to  the  inclination  of  the  axes  of  these  cnrves  is  not  only  neces- 
sary in  geological  surveyinf^  but  is  of  the  greatest  practical  importance  in  bed-mining.  I 
was  myself  cognisant  a  few  years  ago  of  an  abortive  sinking  for  coal  in  the  South  Welsh 
coalfield,  where  something  like  £30,000  was  wasted,  mainly  fh>m  want  of  attention  to  this 
circumstance,  the  coal  that  was  being  sou^t  having  cropped  out  across  the  axis  of  the 
synclinal  a  mile  or  more  before  reaching  the  spot  where  the  shaft  was  being  sunk  for  It 
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what  is  called  a  qvA-qvd-verial  dip  or  inclination  on  all  sides.  Some- 
times  also  the  axis  of  a  cnnre  nndnlates  along  its  extension,  so  that 
after  higher  beds  have  been  brought  in  over  it,  the  lower  ones  may 
begin  to  make  their  appearance  again  in  the  same  general  strike,  or 
fnce  venoy  and  sometimes  even  the  curves  themselves  are  irregular,  so 
that  an  anticlinal  presses  into  a  sjndinal  along  the  same  line  of  strike, 
and  vice  verdo. 

The  axis  of  an  antidinal  or  synclinal  curve  necessarily  runs  in  the 
direction  of  the  general  strike  of  the  beds  ;  but  instances  are  not  un- 
common of  minor  curves,  the  axes  of  which  run  obliquely  to  the  general 
strike,  or  even  in  the  direction  of  the  dip  of  a  mass  of  beds.  It  is, 
however,  obvious  that  these  can  only  be  of  subordinate  importance,  or 
they  would  themselves  produce  a  general  new  dip  and  new  strike  in 
the  beds  they  traverse. 

Unielinal  Carves. — This  term,  first  used,  so  feur  as  I  am  aware,  by 
Mr.  Darwin,  in  his  Geology  of  South  America^  may  be  useful  sometimes 
to  designate  a  single  fold  in  rocks,  without  any  answering  counterfold 
in  any  direction. 

In  the  Isle  of  Wight,  for  instance,  the  beds  are  horizontal  at  the 
southern  end  of  the  island,  suddenly  dip  in  the  middle  of  it  at  a  high 
angle  to  the  north^  and  then  rather  quickly  recover  their  horizontality 
at  the  northern  end  of  the  island.  This  unielinal  curve  causes  the  beds 
which  cap  the  hills  in  the  south  to  be  deep  below  those  forming  the 
low  ground  in  the  north  of  the  island. 

Some  magnificent  examples  of  unielinal  carves  may  be  seen  along  the  clifEs 
near  Loop  Head,  County  Clare.  The  beds  there  are  hard  grits  and  indurated 
slaty  shales  belonging  to  the  Coal-measures.  In  many  places  they  are  horizontal, 
or  nearly  so,  while  in  others  they  are  variously  curved,  the  anticlinals  sometimes 
eroded  by  the  sea  below,  so  as  to  form  natural  arches  and  bridges,  one  example  of 
which  is  weU  known  as  the  Bridges  of  Boss.  In  two  or  three  instances,  however, 
horizontal  beds  are  suddenly  bent  for  a  short  space  by  unielinal  curves  into  the 
vertical  position,  and  then  immediately  bent  back  again  into  the  horizontaL  The 
axes  of  these  curves  strike  nearly  with  the  coast,  so  that  great  areas  of  the  surface 
of  a  bed  are  sometimes  shown  in  the  clifis.  One  of  these  is  one  or  two  hundred 
yards  long  and  two  hundred  feet  in  height,  and  Mr.  Henry  Eeane,  on  whose  pro- 
perty it  is,  has  had  one  of  the  projecting  crags  near  it  walled  round,  so  that  it 
may  be  viewed  in  safety.  As  the  smool^  nearly  vertical  surface  of  the  bed  un- 
dulates slightly,  it  might  be  taken  for  the  side  of  some  mighty  ship  rising  out  of 
the  boiling  surf  below. 

Inversion  of  Beds. — ^These  fiexures  are  in  some  instances  carried 
out  BO  far,  both  on  the  large  and  small  scale,  as  to  produce  actual  in- 
version (see  Fig.  49)  of  the  beds,  so  that  the  lower  surfcices  appear  in 
some  places  to  be  the  upper  ones. 

This  inversion  may,  in  some  casea,  among  highly  contorted  beds, 
be  actually  seen  in  the  difb,  as  in  some  parts  of  the  Alps^  where  the 


bedB  may  be  obBerred  bent  into  the  form  of  S'a  ot  Z'»,  in  tlie  preciid- 
tons  sides  of  the  monntains.  In  other  cases  it  requires  a  more  widelj 
extended  obeervatioD,  in  order  to  show  that  the  apparent  order  of  super- 


position  of  any  set  of  beds,  in  any  particiilar  locality,  is  the  inverse  of 
that  order  which  is  to  be  observed  generally,  and  where  the  beds  are 
undisturbed. 

In  parta  of  the  Alps  inTCnioD  takes  place  on  a  very  Urge  soJe,  so  that  vhole 
districts  hare  their  beds  uptilted  uid  bent  baclc  in  snch  a  wa;  thit  the  lower  bud! 
rest  apparent!;  ap<m  those  which  were  originsJl]'  deposited  upon  them,  and  the 
lower  appears  to  be  the  higher  part  of  the  aeries. 

An  excellent  case  of  inversion,  like  that  suggested  in  the  left-hand  part  of  tlie 
figure  above,  ma;r  be  seen  in  a  large  qoairy  in  tbe  carboniferans  limestone 
at  a  place  called  "  Yellow  Fnrze,"  in  the  County  Heath,  a  few  miles  aontli  of 
Stane. 

Tbe  inveisiOD  of  beds  is  oocadonallf  obssrred  in  coal-mining,  as  in  Bdgiam 
and  the  soitth-weat  of  Ireland,  where  beds  of  coal  are  Hometimes  found  with  the 
"  coal-seat "  nppBTtDoat,  and  tbe  "  coal-roof  "  nadermoBt.  In  a  distorbed  port  of 
tbe  South  Staffordshire  coalfleld,  the  same  bed  of  coal  «ss  psssed  throngb  tliree 
times  in  the  same  vertical  shaft,  first  in  its  r^ht  position,  then  inverted,  and  then 
again  right  side  uppermost.  It  mnst  accordingly  have  been  bent  into  tbe  shape 
of  the  tetter  S  or  Z.  We  shall  see  presently  that  no  more  "  fault "  can  thus 
bring  part  ot  the  sime  bed  twice  Iflto  a  vertical  sbaft. 

Axtesiaa  ■Wolla.— Artificial  wells  known  as  Artesian,  from  their  first  being 
nsed  in  the  province  of  Artois,  are  sunk  in  those  districta  where  the  nKks  have 
been  bent  into  a  baain-ebBped  curve.  If  a  series  of  beds,  some  of  wbich  are 
porous,  eilhar  in  consequence  ot  their  open  grain,  or  the  jointn  which  traTene 
them,  while  others  are  imperrious  to  water,  be  bent  into  the  form  of  a  basin  with 
a  quBHlua-vemal  dip  towards  a  central  part,  and  the  poroos  bede  rise  into  higher 
ground  than  that  central  part,  then  the  rain  that  falls  on  tbur  outcrop 
will  parti;  sink  down  aloDg  them  beneath  tbe  impervious  covering,  until  a 
basin-shaped  sheet  of  water  be  accuDtulated  below,  as  in  tbe  shaded  part  of  1'^. 
50.  This  water  may  completely  saturate  the  porous  bed  up  to  a  certain  level,  ai 
L  L  for  instance,  but  will  be  prevented  from  rising  to  tlie  surface  l)y  tbe  impervi- 
ous beds  m  m  above  it  If  that  impervious  downward*nrved  bed  be  pierced  by 
a  bore-hole,  the  water  will  tend  to  rise  in  that  hole  to  the  level  L  L,  and  this  ma; 
be  in  some  cases  above  the  level  of  tbe  Boiface  of  tbe  ground  in  the  low  cential 
n^on,  as  represented  in  Fig.  GO. 

In  this  diagram  the  porons  beds  are  indicated  by  the  letters  P  P,  and  the 
imperrioiu  beds  hj  the  letten  m  m.     If  then  the  wells  W  W  W  be  sank  through 
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the  upper  impervious  beds,  the  water  will  rise  in  them,  either  on  to  the  surface 
with  a  jet  as  in  the  central  well,  np  to  the  surface  as  in  the  one  on  the  right 
hand,  or  up  to  the  water-level  L  L  in  the  one  on  the  left  hand.     Without  some 


Fig.  60. 
Diagrammatic  section  of  a  district  in  which  Artesian  weUs  are  sunk. 

such  arrangement  of  the  beds  bdow  ground  as  that  now  described,  there  is  no 
reason  why  water  should  rise  to  the  surface  in  any  bore-hole,  however  deep  it  may 
be  carried,  a  caution  necessitated  by  the  experience  of  many  fruitless  trials  in 
places  where  there  was  no  evidence  of  any  such  structure. 


CHAPTER  IX, 


FAULTS   OB   DISLOCATIONS. 


It  may  easily  be  conceived,  that  the  force  which  was  sufficient  to  raise 
vast  masses  of  solid  rock,  of  unknown  but  immense  thickness,  from 
beneath  the  bottom  of  the  sea  high  into  the  air,  in  order  to  form  the  dry 
land,  and  to  bend  them  into  the  folds  and  contortions  that  have  been 
just  described,  was  also  sufficient  to  crack  and  break  them  through.  We 
find^  accordingly,  very  frequent  instances  of  cracks  running  through  great 
thicknesses  of  rock,  which  are  obviously  fractures  caused  by  disturbing 
force.  Sometimes  these  are  mere  fissures  ;  but  more  frequently  there 
is  not  only  a  severance  but  a  displacement  of  the  rocks  that  have  been 
severecL  Beds  that  were  once  continuous  are  now  left  at  very  different 
levels  on  opposite  sides  of  the  fissure — many  feet,  or  many  hundreds 
of  feet,  above  or  below  the 'parts  with  which  they  were  once  continuous. 
When  this  is  the  case,  these  fiuctiires  are  called  **  faults "  or  "  disloca- 
tions" by  geologists,  for  which  miners  in  different  districts  use  in 
addition  the  terms  «  slip,"  «  sUde,"  "  heave,"  "  dyke,"  « thing,"  « throw," 
"  trouble,"  "  check,"  and  other  expressions. 

The  Throw  of  a  Fault. — ^The  amoimt  of  dislocation,  measured  in  a 

vertical  directum^  pro- 

A_  B_   _ dnced  by  a  fault,  is 

called  its  "throw," 
a  fault  being  said  to 
be  an  "  upthrow  "  or 
a  "  downthrow,"  or 
an  "  upcast "  or 
"  downcast,"  accord- 
ing to  the  side  from 
which  we  view  it 
Its  amount  is  stated 
in  fathoms,  yards,  or 
feet,  measured  per- 
pendicularly from  the 
sur&ce,  provided  the 
surface  be  horizontal,  from  a  given  horizontal  plane  if  it  be  not  If, 
for  instance,  a  bed  of  coal,  where  it  is  cut  by  a  fault,  as  at  a,  Fig.  51, 


Pig.  61. 
Section  of  a  fault. 
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be  100  yards  from  the  surface,  or  from  an  assumed  horizontal  datum 
hne  A  B,  and  the  other  part  of  the  bed  immediately  on  the  other  side 
of  the  fiault,  as  at  &/be  200  yards  below  the  line  A  B,  the  throw  of  the 
fault  is  said  to  be  100  yards,  without  regard  to  the  distance  measured 
laterally  from  A  to  B  along  the  surface,  or  from  a  to  6  along  the  fault. 
When,  however,  the  outcrops  of  inclined  beds  are  cut  by  a  fault,  the 
distance  between  the  ends  of  any  broken  bed,  measured  on  the  surface, 
along  the  line  of  fault,  is  often  said  to  be  the  "  heave  "  of  the  fault. 

In  taking  accomits  from  miners  as  to  the  characters  of  faults,  it  is  necessary  to 
he  on  one's  guard,  and  be  quite  sure  that  the  sense  in  which  they  use  these  terms 
is  properly  understood.  In  some  districts  they  would  speak  of  the  distance  A  B, 
measured  along  the  surface  of  the  ground,  or  the  horizontal  distance  between  the 
ends  of  the  beds,  as  the  "  width  "  of  the  fault,  looking  only  to  the  extent  of  "  barren 
ground  "  as  to  that  particular  bed,  and  paying  no  attention  to  the  real  width  of 
the  actual  fissure  itself,  which  might  be  not  more  than  a  few  inches,  or  perhaps 
even  not  one. 

Statements  as  to  the  amount  of  the  throw  of  faults  also,  especially  where  the 
heda  are  inclined  from  the  horizontal,  and  the  faults  from  the  perpendicular,  will 
have  to  be  taken  with  great  caution.  Two  different  faults,  or  even  two  distant 
parts  of  the  same  fault,  which  have  different  degrees  of  inclination,  may  appear  to 
vary  greatly  in  throw,  without  producing  any  important  variation  in  the  position 
of  ^e  beds  at  a  little  distance  on  each  side  of  them. 

In  Fig.  52,  let  A  B  and  C  D  be  such  parts  of  faults  cutting  the  coal  L  L,  A  6 
having  a  steep,  and  C  D  a 

much  less  angle  of  inclina-  -^     o  h 

tion.    The  throw  of  the  fault 

A  B  will  be  measured  by 

the  line  a  6,  that  of  C  D  by 

the  much  shorter  line  c  d, 

and  yet  the  position  of  the 

beds  at  X  and  Y  will  be  the 

same  in  both  cases.      The 

part  of  the  bed  that  will  be 

lost  to  the  miner  by  the 

steep  fault  A  B,  however, 

measured  at  the  surface  by 

the  space  A  o,  will  be  much 

less  than  that  mariced  Z, 

which  will  be  lost  by  the  more  gently  inclined  fault  C  D,  and  which  will  be 

measured  at  the  surface  by  the  space  A  p. 

The  less  faults  are  inclined  from  the  perpendicular,  therefore,  the  better  for  the 
coal-miner. 

Varieties  of  Faults. — ^Faults  vary  in  character,  chiefly  according  to 
the  nature  of  the  rocks  which  they  traverse,  whether  they  be  hard  or 
soft,  or  an  alternation  of  both  ;  and  in  effect,  chiefly  according  to  the 
position  of  the  beds  which  they  traverse,  whether  these  be  horizontal, 
inclined,  or  contorted,  and  according  to  the  direction  and  number  of 
lines  of  fracture,  their  inclination  and  combination. 


Fig.  52. 


1.  Vuiatlon  in  Ctuunurtor  of  Faults  from  nature  of  Book*  traTersed. 
Wheu  faults  traverse  a  ma«s  of  lathei  soft  and  yielding  beds  of  rock, 
auch  as  ahalea  and  thin  sandstones,  the  fissnies  themselres  are  often 
mere  planes  of  division,  just  as  if  the  rock  had  been  cut  through  with  a 
knife.*  In  this,  as  in  other  caBea,  the  two  contiguoua  mirfaces  of  the 
fault  ore  vety  frequently  found  to  be  qoite  smooUi  and  pobahed  by  the 


has  taken  [Jace,  pro- 
ducing the  appearance 
well  known  to  geolo- 
gists under  the  name 
of  *' slick enaides,**  and 
which  has  been  al- 
ready described  in 
Chap.  VIL     In  some 

^  cases,  although  the 
fracture   seema  quite 

,  clean  and  sharp,  yet 
the  beds  on  each  ride 
are  traversed  by  a 
great  numberof  small, 
irregular,  and  di»con- 
tinuouB  "  slickenside"  surfaces,  as  if  a  jarring  and  tmnulous  grinding 

*  Dr.  Tjndall,  tn  hli  Glucitn  qrib  Jlfn  (p.  BIT),  hu  ■  puuga  dHciiblngtbeflntfOniu- 

In  ths  Ont  cammencemsDt  oT  a  Inlt,  DuUng  lUawuic*  Foriioins  diObniics  In  the  dream- 
atiuca  of  the  tiro  cues.  After  pobUug  out  tli*t  creTa«g«  limn  commencs  M  "  men 
naiTov  cruhairhlch  open  veer  ■1oh1)>  iftetvitrili,''  be  nyt,  "  on  UieSlit  ofJaly  1B>T,  Ht. 
Biret  And  myself  bATlng  eoiDpletod  gu' der'B  work,  wen  atuidlTig  together  apon  the  glacier 
du  Geent,  when  m  loud  dull  aonnd^  like  that  prodnced  by  a  havj  blow,  saemed  to  licaa  from 
the  body  of  the  loe  nndemeath  the  >pot  on  which  we  itood.  Tbla  wai  mcceedad  by  a  serial 
of  tharp  reports^  wbJoh  wata  beaM  aometlmea  aboTe  ub.  aometlmea  below  ua»  aometliiua 
apparently  cloaa  under  onr  feet,  the  InCervala  batween  the  loader  reporta  being  Ollod  by  a 
low  elDglng  noUe.  We  turned  hither  and  thither  aa  the  direction  of  tha  aounds  Taried ; 
tor  the  gliolar  waa  evidently  breaking  beneath  oar  feet,  thOBgh  we  ooold  dlKem  Bo  tiacs 
of  ruptnre.  For  an  hour  the  aooiidi  oontlnued  wltboat  oar  being  able  to  dlacoKrer  th* 
■niirce;  thli  at  length  revelled  Itaelf  by  a  niBb  of  alrbubblea  from  one  of  the  Uttle  poola 
upon  the  aarfai-«  of  the  glacier,  which  waa  iuleiHcted  fay  the  aewlytoniied  cniaase.  Ws 
then  traaad  U  for  aoine  dlatonca  ap  and  down,  bet  hardly  at  uiy  pUoe  waa  IC  anlllclentlf 

I  have  obeervad  a  aomewhat  almllar  elTect  In  tha  noise  reanlCing  from  the  Dnt  crmck, 
and  the  eubeequent  alow  opening  of  the  Daaare  when  itandlng  on  the  deck  of  a  veaaal  Uiat 
waa  driven  item  on  agilnit  an  Ice-Doe,  In  order  to  force  a  way  UtrDUxh  It. 

Poaalbly  KimB  of  ths  noliea  beud  dnriiig  an  earthquilie  nay  have  a  dnllar  origin  In 

■oinetlme*  even  reaching  apto  it,  Juit  ai  thecrcvaaaeeoit  theglaolerlftenrardB  gape  slowly 
at  the  iurlkce,  and  become  open  Jegged  flssarea  Instead  of  mere  knUC-edged  cut*. 
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motion  had  been  produced  in  the  ma»  of  the  beds.*  Sometimes  the 
beds  end  abruptly  without  any  distortipn,  Pig.  53 ;  but  sometimes  they 
seem  to  have  been  bent  and  distorted  along  Uie  plane  of  the  fault  to  a 
certain  extent. 

Tbii  lieadiiig  ot  diitortion  of  the  beds  nsosU;  t*kes  place  as  suggested  in  Fig. 
51.  In  Uiis  esse  the  beds 
are  ssirl  to  "  dip  to  the 
downthiaw,"  and  "  rise  to 
the  npthroiF,"  as  we 
should  expect  them  natiir- 
sLy  to  do.  I  hiTB,  how- 
erer,  very  firequeutlf  been 
told  by  ooat-minerB  that 
the  contnuy  takes  pUce, 
and  that  heda  more  nsn- 
•llj  riae  to  »  downthrow 
bolt  nther  than  dip  to- 
wsrds  It.  I  have  alwajs 
receired  these  stalemeDts 
with  s  certain  amount  ot 
■reptidsm,  but  by  the 
kindneMof  LordI>ndley's  r,g  « 

ST"'  ^■...^""V'w"'*  fl«Honon>ed.diat^rtedbrfi.uIt 

Pnorj,  Dudley,  I  had  an 

opportnaity  (nfeiml  to  in  the  previous  note)  of  personally  eisndoiag  the  gate-rosd 
which  he  had  had  driven  up  to  and  across  the  great  boondary  fault  at  Himley,  aad 
eonviiidng  myself  of  the  accuracy  of  the  statement  in  that  ioManca  at  sU  events. 
The  gate-rood  was  continued  from  the  Thick  coal  some  twenty  yards,  into  the 
red  Pemiiaii  rock  at  a  depth  of  about  one  hundred  yards  from  Uie  surface.  Both 
foTuutioni  were  greatly  shattered  and  broken,  so  much  so  that  no  trustworthy 
determination  of  Uie  dip  of  the  Permian  beds  couid  be  made.  The  Goal-measareB 
were  not  only  shattered  but  squeezed,  so  that  the  Thick  coal  lost  much  of  its  usual 
thickness  on  approaching  the  fault,  and  when  it  come  within  ten  or  twelve  yards 
of  it,  it  was  bent  up  perpendicularly,  snd  the  1>eds  below  it  rose  into  the  walls  of 
Ihe  gat»TOBd,  and  were  cut  off  above  by  the  red  rock  lying  obliquely  scross  them 
at  an  irregular  line,  the  inclinstioo  of  which  to  the  horiion  did  not  exceed  37 ", 
somewhat  aa  in  the  following  figure,  which  is  condensed  from  a  rough  sketch  and 
measonniflnt  1  made  on  the  spot. 

It  LB  only  by  a  lucky  accident  that  a  geologist  can  ever  have  the  opportunity  of 
persmally  examining  such  a  case,  as  the  continuance  of  the  mining  operations 

*  Tbass  "  sUckenside  "  or  polished  snd  striated  auifacH  are  not  conSned  to  those  near 
ISoltB.  ilnee,  as  ilrudy  mentlDned,  they  oRan  coat  the  lurlacei  of  Joints,  with*  tbtn  itriated 
deposit  frequently  of  alUca.  These  ate  attributed  by  Mr.  Close,  who  has  paid  much  atten. 
tjon  to  them,  to  crystal  llssUon  or  the  sobetsnca  In  parallel  flbm  (sea  paper  "  On  some 
Mriited  IBitsca  la  the  Onmite  near  Dublin,"  by  Rsrd.  MaivsU  Close  ;  Jounal  Gtoi.  See. 
Dit.  ToL  I.)  In  nuuiy  esses,  howevei,  they  are  mecely  striated  snd  polished  pUnes  of 
diviiiai,  tiaveralng  the  rocli,  as  I  had  so  opportunity  of  obaerrlag  la  Uanh  ISST  in  the 
lUek  eoal  in  StaJTordshire.  In  the  Himley  pita,  on  approaehlng  the  boundary  finlt,  the 
cos]  on  the  sides  and  in  the  roof  of  the  gste-roads  had  every  cubic  ysfd  of  Its  mass  tnvened 
by  "  sllckenside  "  fluifSces  ronning  in  all  directions,  tbslr  number  dlminlsbiug  as  we  receded 
from  the  boundary  tsult,  till  st  a  distance  of  SO  or  IW  yards  from  it  they  were  rarely 
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shortly  makes  the  spot  inaccessible,  and  it  cannot  be  kept  open  for  more  than  a 

short  time,  except  at  considerable 
inconvenience,  and,  perhaps,  great 
cost  to  the  miner.* 

Mr.  Curwen  Salmon,  in  the  year 
1862,  pointed  out  to  me  that  there 
are  cases  in  which  the  throw  of  a 
fanlt  is  mnch  greater  near  the  sur- 
face than  at  lower  depths,  a  £act 
probably  explicable  either  by  a 
change  in  its  inclination,  or  possibly 


c 


A  B 

Fig.#. 
Fault,  with  strata  bent  up  on  the  npthrow  side. 

A,  The  Thick  coal   sqneesed,   shattered,  and 
suddenly  bent  up  perpendicularly. 

B,  The  "Grains/' and  other  ironstones  usually   bygomrslight"  tilting  of  the'^mass^ 

occurring  below  the  Thick  coal,  but  thinner   ^^  opposite  sides  of  the  fanlt  during 
than  ordinary.  the  movement,  and  in  the  direction 

C,  The  Heathen  coal^which  Ues  about  seven   ^^  ^j^^  ^^^^  ^f  ^^e  fault,  so  that 

yards  below  toe  TTiickcoaL  the  rise  or  fall   of  different    parts 

^^^^''^^'^^^'^^^^'^^^''''^'^''^^  was  not  strictly  and  wholly  a  veScal 

one. 

When  faults  traverse  very  hard  and  unyielding  rocks,  such  as  thick 
gritstones,  hard  limestones,  or  siliceous  slates,  and  stiU  more,  if  thej 
penetrate  igneous  rocks,  such  as  granites  and  felstones,  the  fissures  are 
apt  to  be  much  wider,  and  often  very  irr^:ular.  If  the  original  fracture 
shall  have  taken  place 
not  in  one   plane,  but  E' 

so  as  to  produce  two 
broken  or  irregular  sur- 
faces, with  cavities  and 
protuberances  as  in  Fig. 
66,  and  these  two  sur- 
faces slide  one  over  the 
other,  it  is  very  unlikely 
that  they  would  ever  be 
made  to  jit  exactly,  so  as 
to  close  again  entirely 
upon  each  other.  Pro- 
tuberance   would    rest 

against  protuberance,  or  Pig.  w. 

come   against   a  hollow    Section  of  hard  beds  out  by  uneven  fault,  and  eonseqneat 
not  large  enough,  or  not  cavities, 

of  the  requisite  form,  to  receive  it,  and  thus  the  two  walls  of  the  fissure 
would  be  kept  partially  and  irregularly  apart,  the  fissure  being  closed 

*  I  was  fortunately  able  to  secure  for  the  Coal  Commission,  which  was  then  eittuig;  a 
detailed  mining  section  of  this  interesting  gate-road,  constructed  with  great  accmacy  by 
Mr.  Hughes  of  Dudley,  mining  surveyor,  and  Mr.  Spruce,  the  manager  of  the  eolKcTy. 

It  is  not  very  easy,  peiliaps,  to  form  a  correct  physical  conception  of  the  mode  of  action 
of  the  mechanical  forces  which  produced  these  and  similar  phenomena  met  with  in  coal- 
mining, and  I  believe  there  is  yet  much  to  be  learnt  by  more  accurate  description  and 
delineation  of  the  phenomena  themselves.  Geologists  must  look  for  informaticm  on  these 
and  other  matters  to  those  practically  engaged  on  them  in  the  ftijture. 
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in  Mine  places  and  open  in  others.  In  Fig.  &6  an  nnevea  fiacture 
kLfing  traTersed  the  hard  beds  A  B  C  D,  and  dislocation  taken  place, 
the  remit  would  be  the  irregnlar  fisanre  E  F.  '  It  is  tme  that  the 
grinding  process,  as  the  surfaces  moved  upon  each  other,  would  often 
gieatlj  duninish  this  in^ularitj,  and  in  soft  rocks  probahlj  obliterate 
it ;  but  in  hard  rocks  it  is  mnch  more  usnal  to  find  the  irr^nlar  open- 
ings above  described  still  remmning. 

Where  alternations  of  hard  and  soft  beds  occur,  there  may  be  a 
combination  of  the  two  efTects,  the  fissore  being  quite  closed  where  soft 
beds  ore  brought  together,  or  even  where  soft  beds  are  brought  against 
bard,  but  more  or  less  open  where  two  hard  beds  come  opposite  each 
other.  In  speaking  of  open  fissures,  however,  it  is  by  no  means  intended 
to  assert  the  frequency  of  fisaores  now  open  aud  empty.  They  are 
almost  invariably  filled  with  materials  either  derived  from  the  ruins  of 
the  ai^'acent  rocks  at  the  time  of  the  fracture  occurring,  or  afterwards 
biottght  into  them. 

Some  fissures,  even  in  the  most  yielding  rocks,  have  been  kept  open, 
or  rather  their  sides  kept  apart,  by  fragments  that  were  dragged  into 
tiiem  at  the  time  of  their  occurrence.  In  tracing  the  line  of  a  fault 
along  the  sarCace  of  the  ground  in  North  Wales,  I  have  often  found 
lumps  and  patches  of  the  broken  beds,  even  some  yards  in  diameter, 
caught  by  the  way,  and  serving  to  point  out  the  direction  of  the  fault. 

8.  Variation  of  Paults  In  effisat  aooording  to  Inollnatlon  of  Beda 


As  it  ia  comparatively  rare  to  find  beds  In  a  strictly  horizontal 
position  over  any  cda- 
Biderable  area,  it  is 
necessary    t«    study 
the  effect  of  fcnlta  ou         „ 
inclined  beds,  and  ou  a 

beds  with  an  inclina- 
tion varyii^  either  in 
angle,  in  direction,  or  « 

b  both.  If  any  bed 
or  set  of  beds  "strik-  - 
ing"  in  a  given  direc- 
tion, and  "dipping" 
at  a  given  angle,  be 
broken  through  by  a 
fault,  the  effect  of  the  ^S-  ''''■ 

vertical   "throw"    is   Pl«n  of  ths  rartlwe  of  inclined  bedi,  to 
,    __   1  ...  producfli  u  apparent  lit 

to  produce  at  the  but-  ^  '^'^ 

(ace  the  appennmce  of  a  lateral  "  shift "  or  "  heave." 
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horizontal  plan  of  the  outcrop  of  a  set  of  beds,  of  which  we  may  sup- 
pose a  a  to  be  a  limestone  interstratified  with  sandstones  and 
shales,  and  that  they  all  dip  steadily  to  the  north  at  an  angle  of  25<», 
and  that  these  beds  are  traversed  by  the  fault  b  6,  causing  a  "  down- 
throw "  to  the  east,  or  an  "  upthrow "  to  the  west,  which  is  the  same 
thing  ;  then  the  outcrop  of  the  beds  will  be  farther  south  on  the  east 

side  of  the  fault 
than  they  are  on 
the  west 

To  render  this 
more  evident,  let 
Fig.  58  be  a  dia- 
grammatic section 
drawn  from  south 
to  north  along  the 
direction  of  the  line 
Fig.  68.  of    fjEiult,   showing 

DiAgrammatio  section  of  Fig.  67,  to  explain  the  apparent  the  beds  on  both 
lateral  shift  of  an  inclined  bed  along  a  horizontal  line  when  it  is  gxdes  of  it,  and  1^ 
moTed  vertically  across  it  ^  ^^j^  ^^^  ^  ^^ 

limestone  a  a,  disregarding  the  other  beds.  If  we  suppose  the  part  (b) 
dropped  vertically  down  to  (c),  and  the  part  (d)  in  the  former  continua- 
tion of  the  bed  down  to  («),  it  is  dear  that  a  vertical  throw  of  the  bed 
a  a  on  one  side  of  the  fault  will  place  it  in  the  position  d  d  on  the 
other  side  of  the  fEiult,  the  respective  outcrops  of  the  two  pieces  of  the 
same  bed  being  at  the  present  surface  of  the  ground  at  the  points  h  ^ 
In  other  words,  the  apparently  lateral  shift  of  the  oiftcrop  of  a  a  in  the 
plan.  Fig.  57,  has  been  produced  by  the  vertical  throw  of  the  inclined 
beds  on  opposite  sides  of  the  fault.  The  figure  58  may  perhaps  be 
more  readily  understood  if  it  be  copied  on  a  separate  piece  of  tracing 
paper,  and  then  the  tracing  paper  placed  over  the  figure,  so  that  d  d 
should  coincide  with  dh;  U  then  the  piece  of  paper  be  moved  verti- 
cally down  the  page,  keeping  the  dotted  lines  d  e  and  b  e  on  the 
tracing  paper  over  those  in  the  woodcut,  it  will  be  seen  that,  while  the 
movement  of  the  paper  is  vertical,  the  bed  a  a  will  travel  laterally 
along  the  horizontal  line  from  north  to  south,  so  that  from  b  it  will 
gradually  arrive  at  e. 

The  higher  the  angle  at  which  the  beds  dip,  the  less  will  be  the 
apparent  shift  at  the  surface  produced  by  the  same  amount  of  throw. 
In  Fig.  59,  the  angle  of  inclination  is  increased  to  60**,  the  vertical 
throw,  or  the  distance  between  b  and  c,  remains  the  same  as  in  Fig.  58 ; 
but  it  is  obvious  that  the  apparent  lateral  shift  or  distance  between 
b  and  e  is  greatly  diminished.  This  diminution  would  continue  with 
the  increase  of  the  angle  of  inclination,  until  the  beds  were  actuaUy 
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yertical,  when  it  is  plain  that  no  amount  of  vertical  throw  could 
produce  any  apparent 
lateral  shifting,  for 
the  ends  of  the  beds 
in  the  opposite  sides 
of  the  fault  would 
merely  slide  up  or 
down  along  each 
other.  In  a  set  of 
vertical  beds,  then,  it 
would  be  almost  im- 
possible to  detect  a 
fault,  however  great 
may  have  been  the 
real  fissure  and  dislocation.  On  the  contrary,  when  the  beds  lie  at  a 
veiy  low  angle,  a  very  small  dislocation  may  shift  the  outcrop  of  the 
beds  to  very  considerable  distances. 

It  is  obvious,  from  an  inspection  of  Figs.  58  and  59,  that  if  we 
know  the  inclination  of  the  beds,  and  the  amount  of  the  vertical 
"  throw  "  of  the  fault,  we  may  easily  calculate  what  will  be  the  apparent 
shift  of  their  outcrop  at  the  surface  ;  and  if,  therefore,  we  find  the  out- 
crop of  one,  it  will  be  easy  to  discover  the  outcrop  of  the  other.  On 
the  other  hand,  if  we  know  the  distance  between  the  out<^rop  of  the 
beds  on  opposite  sides  of  the  fault,  and  their  angle  of  inclination,  it 
will  be  easy  to  calculate  the  amount  of  the  vertical  '*  throw,'*  or  to 
discover  the  depth  (or  distance,  h  c)  at  which  the  one  part  of  the  bed 
will  be  found  lower  than  the  corresponding  point  on  the  other  side  of 
the  fault 

In  practice,  allowances  have  to  be  made  for  irregularity  in  the  sur- 
face of  the  ground,  and  for  variations  in  the  angle  of  inclination  of  the 
beds,  and  aJso  for  changes  in  the  amount  of  "  throw  "  in  the  fault,  but 
in  the  above  consideration  of  the  simplest  case  lie  the  elements  of  much 
practical  utility  in  mining  and  other  operations.  In  the  Appendix  will 
be  found  a  table,  which,  among  other  things,  will  show  the  relations  be- 
tween the  dip,  iJie  throw,  and  the  shift  or  heave  of  dislocated  beds, 
pointing  out,  when  any  two  of  these  are  known^  the  value  of  the 
third. 

That  this  apparent  lateral  shift  at  the  surface  is  really  due  to  verti- 
ed  elevation  orTpn»6ion,  may  be  ehown  farther  by  l^nmuBg  ite 
effect  on  beds  thrown  into  anticlinal  and  synclinal  curves.  Let  Fig.  60 
be  a  plan  in  which  a  a  a  is  a  bed  having  a  synclinal  or  basin-shaped 
depression  at  S  S,  and  an  anticlinal  form  at  A  A^  dipping,  as  shown 
by  the  arrows,  at  an  angle  of  60°  in  each  direction,  and  let  it  be  tra- 
versed by  the  fault  F  F.  It  is  dear  that  no  lateral  shifting  will  account 
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for  the  places  of  the  broken  ends  of  a  a  on  opposite  sides  of  ihe  fault, 

^,  since  they  are  shifted  in  op- 

fl  posite  directions ;  while  their 

a  — — ^^^     present  positions  are  easily 

I  ~--h""  and    obviously    accounted 

**'*  for  on  the  supposition  of  a 

7  s  vertical    elevation   on  the 

side  of  the  fault  marked 
4*^'  ^^-'^  u  Uy  or  depression  on  that 

I "Z^""''    marked  d  d,  and  a  suhee- 

7^' quent  planing  down  of  the 

^  A  whole  to  one  level  sui&ce. 

Itto' If  we   draw   two   sections 

— t 2 parallel  to  the  fSeiult,  and 

on  opposite  sides  of  it — one, 
P  as  in  Fig.  61,  along  u  «,  the 

upcast  side,  and  the  other, 
Fig.eo.  as  in  Fig.  62,  along  d  rf. 

Plan  of  wUclinal  Mid  synclinal  ciiiT6trave»«d  by  a   the  downcast  side,  putting 

in  the  beds  with  a  dip  of 
60°,  as  directed  by  the  arrows  in  the  plan,  we  should  at  once  see 
that,  in  Fig.  61,  on  the  up- 
cast side  of  the  fault,  the  beds 
will  meet  below  S,  at  a  point 
much  nearer  the  surface  than 
they  do  in  Fig.  62  on  the 
downcast  side ;  in  other  words, 
that  the  bottom  of  the  syncli- 
nal is  at  a  higher  level  in  the 
first  than  the  last  case.  In  the 
same  way  the  point  over  A, 
where    the    anticlinal    lines 


Fig.  61. 
Section  on  the  npcaat  side. 


would  meet  if  produced,  is  higher  above  the  surface  in  Fig.  61  than  in 

^^-N  Fig.  62,  or  the  whole  of 

\  //  '''^  '\ 


Fig.  62. 
Section  on  tiie  downcast  aide. 


the  bed  a  a  is  more  nearly 
out  of  the  ground  in  Fig. 
61  than  in  Fig.  62.  It  is 
plain  that  these  appear- 
ances are  the  result  of 
the  vertical  elevation  of 
the  beds  on  one  side  of 
the  fault  F  F  in  Fig.  60, 
or  their  vertical  depres- 


sion on  the  other  side  of  it     The  greater  the  throw,  the  more  widely 
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frill  the  outcrops  of  a  B^nclinal  curved  bed  be  separated  on  the  down- 
cast side,  and  the  mate  nearly  vill  the  oatcrops  of  an  anticlinal  currt^ 
led  be  brought  together,  while  on  the  upcast  aida  of  the  fault  the 
reverse  is  the  c&se,  tbe  outcrops  of  a  sjnclinal  curve  will  be  brought 
blether,  and  those  of  au  anticlinal  will  be  separated. 

When  either  the  angle  of  the  dip  or  direction  of  the  strike  of  the 
beds  varies  along  the  couiae  of  a  fault,  its  effect  opon  the  position  and 
farm  of  their  outcrop  becomes  equally  Toriona.  This  effect  may  be  still 
farther  complicated  by  a  change  in  the  amount  of  the  "  throw  "  of  a 
faalt  in  different  parts  of  its  couree. 

3.  Variation  of  Faults  aooordlnjc  to  their  direotlon,  nnmber, 
inoIinMion,  and  oombinstlon. 
Iiongitadiiul  or  Strike  Faults. — We   have  hitherto   supposed   the 

fault  to  run  directly  yorr* 

across  the  beds,  or  near-      ii- "'^'^^    '     "]     ^I       7~^\      t    \  ~, 

ly  so,  but  some  faults,      f  -7— -^_U_=!_  ^J'^A-X: 

either  in  the  whole  or  "      -       :-/,3^  #^1         i-,_-^"-rs 

in  part  of  their  course,  ' 

nm  obliquely  to  the 

strike  of  the  beds,  in- 
stead of  directly  ai 

It,  and  mstancea  01 

of   dislocations    < 

'muung     along     the  saiik 

Krike,  BO   as   to   en-  Kg.  M. 

tirely  conceal  Bome  of  Fault  .long  itrike.    Gronnd-plu. 

the  beds,  as  in  Fig.  63,  which  is  a  plan,  where  the  fault  F  F,  numii^ 
directly  along  the  strike  of 
the  beds,  conceals  part  of 
No.  2,  the  whole  of  3  and 
4,  and  port  of  No.  &,  as 
may  be  seen  by  the  section. 
Pig.  64. 

There  is  reason  to  be- 
lieve in  tlie  existence  of 
ttriki-faulu  on  a  lai^r 
scale  than  has  yet  been 
suspected.  Their  detection 
in  countries  in  which  the 
rocks  are  greatly  diatnrbed 
might  be  very  difficult, 
especially  where  the  true 

order  of  succession  of  the  beds  is  not  certainly  known,  and  very 


F)g.M. 

Section  of  Fig.  S 
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erroneous  condosions  as  to  tliat  succession  might  be  drawn,  since  tbe 
existence  of  the  faults  might  be  unsuspected  until  that  order  had  been 
elsewhere  established. 

If  the  magnitude  or  throw  of  the  strike-fault  diminishes  in  one 
direction,  we  should  have  some  of  these  beds  coming  out  in  that  direc- 
tion, as  in  Fig.  65,  and  producing  a  slight  variation  in  the  strike  of  the 


Fig.  65. 
Fault  along  strike,  with  variation  in  throw.    Ground-plan. 

beds.  Many  other  modifications  may  arise  according  to  the  Tariations 
in  the  direction  of  the  faults,  with  respect  to  the  strike  of  the  beds,  or 
in  the  amount  of  their  "  throw." 

Single  Faults. — ^The  number  and  association  of  faults  also  requires 
consideration.  If  we  suppose  a  single  line  of  fault  only  to  exist, 
it  involves  the  assumption  that  the  beds  have  been  bent  upwards 

or  downwards  dh  one  side 
of  the  fault,  or  upwards  on 
one  side  and  downwards 
on  the  other.  If  in  Fig. 
66  we  suppose  the  line  a  h 
to  be  a  fissure  traversing 
a  set  of  beds,  or  if  we  sup- 
pose it  to  be  a  crack  in  a 
plank  of  wood,  or  any 
other  flexible  substance, 
ending  each  way  without 
meeting  with,  any  other 
crack  or  fissure,  it  is 
obvious  that  although  the 
parts  win  be  severed  along  it,  they  will  not  be  shifted  vertically  unless 
some  bending  take  place  on  one  side  of  the  fissure,  as  suggested  in  Fig; 
67.  There  the  beds  at  c  are  supposed  to  be  bent  down,  while  those  at 
d  remain  fast  Such  "  single-line  faults "  have  been  produced,  as  is 
proved  in  coal-mining.  They  generally  have  one,  but  sometimes 
more  points  of  maximum  "  throw "  near  the  centre,  and  gradually 
diminish  each  way  till  they  die  out     Not  unfrequently  they  split 


Fig.  06. 
Flan  of  single-lined  fault 
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lowardi  one  or  both  extremities,  as  b  shown  in  the  plan,  Fig.  ( 

which  the  main  fanlt 

ifl  leen  to  be  split  into 

three  at  one  end  and 

two  at  the  other.  The  ^ 

figotCB  represent  the  ~ 

smount  of  the  down 

throw  at  each  point 

in     feet,    jards, 

fsthoms,  OS  the   ci 

may  be.    The  pUn  of  J 

a  fault,  i^ven  in  Fig 

6H,iB  taken  from  thst 

of  the  Lanesfield  fault 

intheSoath  Stafford 

Bhire    coftl  field,    the 

fignres  in  that  case  being  yards. 

It  is  possible  that  this  bending  of  the  beds  along  the  line  of  fault 
may  occur  more  than  once,  so  tliBt  they  may  he  thrown  into  undula- 


Singla  line  flmlt  prodDced  fay  bendlsg  of  beda  on 


PfB-SS. 
Onnmd-plui  of  tult  iplitting  M  tbe  audi. 

tions.    This  undulation,  too,  may  also  become  so  great  that  the  down- 
throw may  ebange  sides,  as  is  attempted  to  be  shown  in  Fig.  69.     This 
aetoaUy  occurs  in  nature  sometimes,  the  feult  appearing  to  die  away 
when  the  beds  come 
together,  and  then  to 
set  on  again  with  a 
dislocation    in    the 
opposite     direction. 
The   Fig.  69,  how- 
'   ever,  is  to  be  taken 
:  as  a  mere  diagram  to 
'    help    the    ezplana- 
I  tion,  and  not  as  an 
actual  representation 
Fig-  »-  of  nature,  where  the 

w  piodnced  bj      undulstions  are  not 
BO    rapid.     It    must 
«   rarely  apparent  at  the  present 


<  b«  recollected  that  they 
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Burface  of  the  ground,  wliich,  as  will  be  afterwards  shown,  is  in 
all  cases  a  sorfaoe  of  "  denudation"  produced  by  the  action  of  air, 
stream,  the  sea,  etc,  subsequently  to  the  subterranean  moyements. 
Single  lines  of  fracture  are  probably  in  general  much  more  extenaiye 
than  the  actual  dislocated  spaces,  since  such  bendings  and  bulgings  as 
are  here  shown  to  be  necessaiy  to  cause  dislocation  would  be  more 
likely  to  occur  near  the  central  portions  of  a  fracture  than  near  its 
extremities. 

Compound  Faults. — When  there  is  more  than  one  line  of  fracture, 

the  fact  of  dislocation  becomes  more 
easy  to  understand,  since  there  is  no 
difficulty  in  conceiving  that  the  angle, 
or  comer  of  ground  included  between 
the  intersection  of  two  faults,  has  been 
dropped  down  below,  or  squeezed  up 
above  the  corresponding  beds  on  the 
outside  of  them.  In  the  plan.  Fig.  70, 
let  a  b  and  c  b  he  two  faults  meeting 
in  the  point  6,  the  included  part,  dy 
being  either  depressed  below,  or  raised 


Pig.  70. 
Plan  of  dlBlocation  by  two  flssrures. 


above  a  b  c,  the  maximum  movement 


taking  place  near  6.  Even  in  this  case, 
however,  the  beds  on  one  side  or  other 
of  the  faults  must  be  bent  up  or  down  in  the  direction  of  e  d,  because 
if  the  two  faults  end  or  die  out  at  a  and  c,  and  the  whole  of  the  beds 
are  on  the  same  level  there,  one  part  or  other  must  change  that  level 
in  proceeding  in  the  direction  e  d  towards  the  point  5,  where  the 
movement  was  greatest.  There  is  a  modification  of  this  case  shown  in 
Fig.  71,  where  we  have  one  long  continuous  fault  A  B,  with  one  or 
more  lateral  branches,  c  d^tfy  i  k,  etc.,  proceeding  out  of  it,  or  leading 


d  :t  % 

Fig.  71. 
Great  fault  with  lateral  branches.    Plan. 


into  it,  as  we  may  choose  to  consider  them,  and  either  on  one  or  both 
sides  of  it  In  this  case,  while  the  whole  mass  of  ground  is  thrown 
on  one  side  of  A  B,  the  particular  portions  between  c  d,  e  f,  or  the 
down  comers  between  any  one  of  them  and  the  main  fault,  may  have 
additional  minor  dislocations  of  their  own. 
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Step  Faxdtfl. — A  long  powerful  fault  ifl  often  composed  in  the 
whole,  or  part  of  its  couise,  of  a  number  of  parallel  fissures,  very  close 
together,  along  a  nar- 
row band  of  country, 
breaking  the  rocks  into 
a  corresponding  number 
of  steps,  as  in  Fig.  72, 
which  either  "  throw" 
all  in  the  same  direc- 
tion, or  having  some 
steps  in  opposite  di- 
rections, produce  a 
balance  of  "  throw**  in 
one  direction,  so  that 
it  IB  treated  as  one 
wide  fault 

In  order  to  have  any  mass  of  beds  entirely  cut  off  on  all  sides  from 
those  that  surround  them,  and  wholly  depressed  below,  or  raised  above 
them  on  every  side,  it  is  obviously  necessary  that  we  should  have  at 
least  three  straight  faults,  or  two  curvilinear  faults  surrounding  the 
fractured  piece  of  ground.  Such  completely  separated  masses  of  ground 
let  in  bodily  among  a  strange  set  of  beds,  may  perhaps  occur  in  nature, 
though  they  are  certainly  not  commpn. 

Belation  between  fhe  Inolination  of  a  Fault  and  the  Direction  of 
its  Throw. — Faults  and  fissures  are  sometimes  vertical,  as  at  A,  Fig.  73, 
but  more  commonly  inclined  at  various  angles,  even  so  low  in  some 


Fig.  72. 
step  fanlU. 


Fig.  78. 

Varied  incUaation  of  fitoUs,  and  relation  between  the  "  hade  "  of  a  fttult  and  the 

direction  of  its  throw. 

instances  as  20^,  as  at  R  In  speaking  of  the  inclination  of  a 
fault,  it  would  have  been  better  not  to  use  the  term  '^  dip  "  as  if  it 
were  a  bed,  but  to  adopt  that  of  "  hade  **  or  "  underlie,*'  were  it  not 
for  the  fact,  which  I  am  indebted  to  Mr.  Curwen  Salmon  for  calling  my 
attention  to,  that  miners  generally  use  the  terms ''  hade  **  and  '*  under- 
lie **  in  the  sense  of  an  inclination  from  the  vertical  It  is  therefore 
the  complement  of  the  dip  which  is  the  inclination  from  the  horizontaL 
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If  a  plane  dip  at  60^  ^m  the  horizontal,  it  will  of  course  ^  underlie  " 
at  30^  from  the  vertical.  In  adopting  these  terms,  then,  the  sense  in 
which  they  are  used  must  always  be  specified.  In  inclined  faults,  and 
it  almost  always  happens  that  faults  are  inclined,  there  is  one  nearly 
invariable  rule,  which  is,  that  the  fault  "dtps,^  ^^hades^  or  **  underlies^ 
in  ih€  directum  of  the  downthrow.  As  a  corollaiy  of  this  rule,  also^ 
another  equally  important  one  may  be  stated,  namely,  that  however 
inclined  may  be  the  fault,  no  part  of  any  bed  will  ever  he  brought  verti- 
cally unden*  another  part  of  it,  and  tiierefore  superior  beds  can  never  be 
brought  by  a  fault  under  those  originally  below  them.  Small  excep- 
tions to  these  rules  may  sometimes  occur  in  rare  instances  ;  when  they 
do,  the  fault  that  produces  them  is  called  a  reversed  fault 

Beversed  Faults. — In  Fig.  73,  for  instance,  the  fault  between  B 
and  C  hades  under  the  downcast  piece  of  the  bed  {a  a) ;  and  it  is 

obviously  impossible  for  a  ver- 


tical fault,  or  one  inclining  in 
the   proper   direction,  to   bring 

^  >  I  "Mil  III   U4/^ any  part  of  the  bed  a  a  vertically 

beneath  another  part,   as   they 


would  be  in  the  imaginary  and 

exceedingly  rare  case  in  Fig.  74. 

t  r  I  'T  LlLL_L  ^  1  ^^^^  never  myself  met  with 

any  exception  to  this  rule,  except 
on  a  very  small  scale,  and  where 
^  it  might  easily  happen  that  the 

^'  ^^  exception  was  more  apparent  than 

B.T.«ed  fault ;  of  T.o'  «re  occnmnc       ^^  ^j^^  apparent  inclination  of 

the  fault  being  merely  a  local  bend  in  a  vertical  or  nearly  vertical 
fault  A  case  of  real  occurrence  of  a  **  reversed  fault "  has,  however, 
been  described  by  Mr.  G.  H.  Kinahan,  from  the  information  of  Mr. 
Edge,  as  to  the  position  of  some  beds  in  a  colliery  in  the  Queen's 
Coimty,  Ireland,*  and  other  instances  have  been  said  to  occur  else- 
where. 

Beason  of  Bule  as  to  Throw  of  Faults. — ^The  reason  of  this  rule 
is  sufficiently  easy  to  understand  when  we  come  to  look  at  faults  on 
the  large  scale.  Suppose  that  in  the  diagram.  Fig.  75,  we  have  a  section 
of  part  of  the  earth's  crust,  of  which  A  B  is  the  surface,  and  0  D  a 
deep-seated  plane  acted  on  by  some  force  of  expansion  tending  to 
make  the  part  A  B  C  D  bulge  upwards.  If,  then,  a  fracture  take  place 
along  the  line  E  F,  it  is  obvious  that  the  expanding  force  will  on  the 
side  of  A  C  have  the  widest  base,  C  F,  to  act  upon,  whUe  it  will  have 
a  proportionately  less  mass  to  move  in  the  part  A  E  C  F,  which  grows 
gradually  smaller  towards  the  surface,  than  on  the  other  side  of  the 

*  Bm  Journal  Gtol.  Soe.  Dvb.  toL  tUI 
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iaiilt,  where  with  the  smaller  base  F  D,  the  mass  F  D  B  E  continnally 
grows  laiger  towards  the  snrface.    The  mass  G  will  consequentlj  be 

— -^     ^- 

-'        \    \       .. 

A NJ, B 


IAm 


Fig.  76. 

much  more  likely  to  be  raised  into  the  position  Ae  Qf,  than  the  mass 
H  into  the  position  D  /'  B  ^,  the  elevation  of  which  could  hardly  take 
place  without  leaving  a  great  open  gap  along  the  line  of  fault  between 
F  £  and  /'  S,  and,  moreover,  without  leaving  the  projecting  piece  6 
overhanging  without  any  support 

This  is  yet  more  clearly  perceptible  if  we  suppose  two  such  fissures, 
as  in  Fig.  76,  inclining  towards  each  other,  since  if  we  suppose  the 


\^. 


II 


Fig.7«. 

included  piece  I  to  be  elevated  into  the  position  indicated  by  the  dotted 

lines  it'  becomes  utterly  unsupported  ;  unless  we  suppose  huge  dykes 

or  ejections  of  igneous 

rock  to  issue  out  along  \  \ 

eachfeiult,  which  would  ^ 

remove  the  case  from 

the  class  of  fractures 

we  are  at  present  con-  q. 

fiidering. 

In    another    case    c 


which  w6  might  ima-  pi    ^^ 

gine,     that    of    two 

pantUel  fEtults  inclining  in  the  same  direction,  as  in  Fig.  77,  the 

included  piece,  I,  might  be  elevated  without  leaving  an  open  fissure,  but 
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then  the  part  /  would  overhaDg  in  an  anaupported  condition,  and  die 
enormoiu  friction  along  two  Bides  of  Uie  piece,  I,  would  have  to  be  orer- 
come.  I  am  not  aware  indeed  of  any  caae  similai  to  this  having  been 
even  Buppoaed  hj  any  one. 

The  late  Professor  H.  D.  Rogen,*  in  describing  faolts  along  the 

axes  of  anticlinal  cures,  where  inversion  has  taken  place  on  one  aide 

of  the  anticlinal,  spoke  of  the  nninverted  part  of  the  anticlinal  having 

been  thrust  up  the  inclined  plane  of  the  fault,  over  some  of  the  inverted 

beds,  as  in  Fig.  78.  He 

-,-'V"~ — -  ^'"^  ""^  ^"de  to  the 

tact  of  this  form  pro- 
ducing a  revtrted  bnlt, 
nor  is  it  quite  clear 
in  his  paper  whether 
the  Htmcture  thus  de- 
scribed has  be«n  ab- 
solutely observed  in 
BectioiiE,  or  is  merely 
^  introduced  hjpotheti- 

InTSnlOD,  with  nTened  tulL  ,,  f 

cally  as  an  ezplauatioD 
of  certiuQ  phenomena.  If  actnally  observed,  a  defied  description  of 
the  locality  would  have  been  intetcating,  neither  am  I  prepared  to 
combat  the  bypothesis,  if  it  be  one,  dnce  it  is  just  in  such  greatly  dis- 
turbed districte  that  "  reversed  "  faults  are  likely  to  occur. 

OsDeralliatlon  of  Bule  aa  to  Throw  of  Faulla. — I  believe  that 
the  rule  as  to  the  relation  between  the  inclination  of  a  fault  and  the 
direction  of  its  throw  might  be  still  further  generalised,  so  as  to  include 
also  the  direction  of  the  "  heave  "  or  "  shift  "  of  the  surface  outcrop  of 
inclined  beds,  so  that  the  rule  might  be  stated  thus : — "  2/6  fault 
traverting  any  let  of  bedt  vHU  mate  an  acute  atyh  with  tht  tame  led  on 
ioth  tide*  of  the  favltP 

The  position  of  the  beds  shown  in  Fig.  74,  in  which  a  bed  a  o  ia 
cut  by  a  fault  F  F  ho  as  to  have  an  acute  angle  on  both  sides  of  it,  is 
then  generally  an  impossible  one  (except  as  a  small  local  occurrence  in 
a  greatly  disturbed  district),  whether  we  regard  the  figure  as  a  verticai 
section  or  a  horizontal  plan. 

Troosh  Vault*. — Faults  ordinarily  extend  indefinitely  downwards. 
We  cannot  comprehend  the  possibility  of  fracture  and  displacement 
having  taken  place  in  any  imcontorted  set  of  beds  without  all  those 
below  having  been  equally  disturbed,  unless  we  come  to  a  part  where 
another  fracture  occurs,  producing  an  equal  amount  of  displacement  in 
an  opposite  direction.     This  junction  between  two  oppoeite  faults  joo- 

ractnn  of  the  more  (Uctarbol  iSoDM  of  tht  Euth^ 

tf.p.»). 
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duces  what  is  often  called  a  "  trough,''  the  faults  beiiig  called  a  "  pair 
of  faults."  The  opposite  faults  of  a  trough  may  be  either  unequal  in 
"  throw,'*  as  a  c  and  b  c,m  the  trough  A,  or  equal,  as  d  e,f  e,m  trough 


Fig.  79. 
Trough  faults. 

R    In  the  former  case,  the  displacement  affects  the  whole  mass  of  the 

surrounding  rock,  as  may  be  seen  by  tracing  the  bed  X  through  the 

dislocations  ;  in  the 

latter  case,  it   only 

affects  the  mass  B, 

which    is    included 

between  the  faults. 

In  the  latter  case  we 

may  see  that  the  bed 

X  on  the  outside  of 

the  trough  B  is  on 

the  same  level  on 

both  sides. 

The  mode  of  ex- 
planation of  these 
trough  faults  that 
seems  to  me  the  most  probable,  if  not  the  only  one,  is  the  following : — 
Suppose  the  beds  A  A,  B  B,  etc,  in  Fig.  80,  to  have  been  formerly  in 
a  state  of  tension,  arising  from  the  bulging  tendency  of  an  internal  force, 
and  one  fissure,  F  £,  to  have  been  formed  below,  which  on  its  course 
to  the  surface  splits  into  two,  E  D  and  EC.  If  the  elevatory  force 
were  then  continued,  the  wedge-like  piece  of  rock  W,  between  these 
two  fissures,  being  unsupported,  as  the  rocks  on  each  side  separated, 
would  settle  down  into  the  gap,  as  in  Pig.  81.  If  the  elevatory  action 
were  greater  near  the  fissure  than  farther  from  it,  the  single  fissure 
below  would  have  a  tendency  to  gape  upwards,  and  swallow  down  the 
wedge,  so  that  eventually  this  might  settle  down,  and  become  fixed 
at  a  point  much  below  its  previous  relative  position.  Considerable 
friction  and  destruction  of  the  rocks^  so  as  to   cut  off  the   comer 


216 


GEOGNOSY. 


y  h  (Fig.  81)  on  either  dde^  would  probably  take  place  along  the  sides 

of  the  fissoresy  and 
^       D  9       y  thus  widen  the  gap, 

'    """^-  and  allow  the  wedge- 

shaped  piece  W  to 
settle  down  still  far- 
ther. When  the  force 
of  elevation  ceased  to 
act,  the  rocks  would 
have  a  tendencj 
to  sink  down  again 
and  resume  their 
original  positions, 
but  these  newlj  in- 
cluded wedge-shaped  and  other  masses  would  no  longer  fit  ioto  the  old 
spaces,  so  that  great  lateral  compression  might  then  take  place. 

The  reader  rnuBt  recollect  that  the  Figs.  80  and  81  are  mere  diagrams  to  aanst 
his  comprehension,  and  not  actual  representations,  in  which  there  would  neces- 
sarily  be  introduced  a  much  greater  amoimt  of  complexity.  This  may  be  seen  bj 
an  inspection  of  Fig.  82,  which  represents  the  commencement  of  a  trough  fault 
in  the  middle  of  the  Thick  coal  of  South  Staffordshire.  This  was  carefully  drawn 
to  scale  by  Mr.  Johnson  of  Dudley,  from  the  side  of  a  "  gate-road  **  in  the  Vic- 
toria colliery  at  West  Bromwich.  It  shows  the  arehlng  of  the  beds  and  their 
fracture  by  numerous  small  fissures  on  each  side  of  the  main  fracture,  where  the 
beds  gaped  and  let  in  a  wedge-shaped  piece  of  the  beds  above.  On  Mch  side  of 
this  "trough  fault"  the  coal  marked  B  B  was  reduced  by  pressure  to  a  state 
resembling  a  "paste  of  coal  dust  and  very  small  coal,*'  while  the  parts  marked  0 
were  uninjured.  The  total  thickness  of  the  coals  which  here  constitute  the  Thick 
coal  is  about  ten  yards,  and  the  length  of  the  gate-road  shown  in  the  figure  about 
150  yards.* 

It  seems  certain  here  that  the  beds  were  arched  and  cracked  in  the  centre,  so 
as  to  include  the  wedge-shaped  mass  A,  and  that  on  settling  down  again  that 
piece  prevented  the  beds  regaining  their  former  position.  The  vertical  downward 
tendency  then  resulting  from  the  pressure  of  the  superincumbent  mass  would  hen 
be  transferred  to  a  lateral  pressure,  tending  to  crumple  and  dislocate  the  beds  on 
each  side. 

'Iiateral  Pressure. — We  have  already  seen  that  the  appearance  of 

lateral  motion  having  taken  place  in  beds  is  often  a  &]laciouB  one. 

We  have,  however,  in  the  above  considerations,  a  true  cause  of  lateral 

pressure,  which  may  sometimes  operate  on  a  far  larger  scale  than  the 

little  example  just  quoted.     The  vast  anticlinal  and  synclinal  curves 

into  which  great  mountain  masses  are  usually  thrown  may  originate  in 

very  much  the  same  way  t  as  the  minor  cracks  and  squeezes  in  this  case. 

•  Mem.  atcl.  Swrvty,  S.  Staff.  CoaJJUld,  Sd  edit  p.  104. 

t  The  reasoning  above  given  was  worked  oat  during  the  survey  of  the  South  StaiS)ni 
coalfield  in  1847  and  1848.  I  afterwards  observed  that  Professor  PhUlips,  in  his  aecoont  of 
the  Malvern  Hills,  in  the  second  volume  of  the  Memoin  qfthe  6reo2og<oaZ  Survey,  p.  14S,  had 
arrived  at  similar  results  by  similar  reasoning  some  years  before. 


CONNECTION  OF  FAULTS  WITH  COHTOKTIONS. 


ConnMtion  betw««ii  raiilta  «iid  Con' 
torUoiu. — Ab    the    result  of    my   own 


eiperience,  I  may  affinn  that  it  i 

greatly 
lat^e 

i  diitrict  IB  much  broken  by  &nlts,  the  1  2 


se 

paratively  rare  to  find  a  diHtrict  greatly  (^ 

contorted,  and  also   trsTersed   by   large  J  ^ 

^olU ;  and,  on  the  other  hand,  wherever 


H 


H  of  gTonnd  between  the  faulti  a 

UBoally  not  mnch  contorted.  This  ig  what  ^.  § 

we  Bhoold  d  priori  expect  to  be  the  cose,  j  3 
rince,  if  the  internal  forces  of  distorbance 
once  break  the  beds,  any  further  movement 
will  increase  the  dislocations  rather  than 

prodni^   CDTvatnies.     It  appears   likely,  ^-g 

aim,  that  de^ly-aeated  contortions  will  3  9 

WBolt  in  bacturea  of  the  beds  above  them,  ^  | 

and  that  one  kind  of  movement  will  take  I  a 

place  in  one  part,  and  the  other  in  another  a  'z 

part  simnlttmeouBly.     There  is,  however,  ^  _ 

uothing  unlikely  in  the  supposition  that  \  3 

beds  contorted  at  one  time  taa-y  afterwards  "3  | 

be  fractured.  2  1 1 

V«rtlo*l   Xxtenalon  of  7anlta. — We  ^  | '^ 

have  already  eeen,  in  bracing  faults  super-  .  § 

ficially  along  what  may  be  called  their  1  "s 

lateral  extension,  that  it  is  impossible  to  f  | 

coDcdve  displacement  to  occur  except  in  ^1 

coDseqnence  of  a,  second  fault  meeting  the  "  | 

first,  oT  in  consequence  of  a  bulging  of  the  |  ° 

beds  along  a  part  of  the  line  of  the  fault.  ^  .9 

Similar  reasoning  will  apply  to  the  ver-  g  ^ 

tical  extension  of  a  fault.     The  late  Mr.  |  % 

W.  Hopkins  has  shown  us  that  fractures  q  | 

in  the  cmst  of  the  globe  have  taken  place  ^  ^ 

in  obedience  to  certain  mechanical  laws.  'ss'^ 

If  a  tract  of  coontiy  of  indefinite  length  ^  I  ^ 

and  breadth,  composed  of  a  set  of  nearly  '  1  ^ 

homogeneous  beds,  supposed  to  be  origin-  ill 

ally  horizontal,  and  nearly  eqnaUy  tena-  **  "^  S 

cions  all  over,  be  acted  on  by  an  expansive  ^  ^  i 

force  from  below,  such  as  an  elastic  gaa  or  g  1 1 

a  molten  fluid  would  exert,  those  beds  will  1  E  ^ 

be  Btrained  so  as  to  tend  towards  bul^ng  ^  |  S 

npwaids,  until  a  nnmber  of  parallel  fissures  5  5 
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are  formed,  commencing  at  points  below  the  snriace  and  nmning  up  to 
it.  They  may  be  crossed  either  then  or  subsequently  by  another  set 
of  parallel  fissures  at  right  angles  to  the  first  set  These  are  the  normal 
results  which  may,  in  actual  fact,  be  complicated  by  many  iixegularitiea 
arising  from  conditions  different  from  those  which  were  assumed.  *  It 
seems  to  follow  from  these  results,  that  for  displacement  to  have  taken 
place  among  the  fractured  masses,  two  or  more  faults  should  meet  below, 
so  as  entirely  to  sever  the  masses  from  each  other,  and  allow  of  unequal 
motions  being  communicated  to  them,  or  that  faults  should  gradually 
end  downwards  on  the  surfaces  of  highly  curved  and  contorted  beds. 

Conneotion  between  IntroBion  of  Igneoua  Books  and  Froduotioa  of 
Faults. — ^The  intrusion  of  igneous  rock  may  in  some  instances  increase 
the  amount  of  dislocations;  but  the  student  must  be  on  his  guard 
against  attributing  to  local  intrusion  of  igneous  rock,  effects  of  elevation, 
or  contortion,  or  fracture,  which  are  not  due  to  it.  The  intrusion  of 
igneous  rock  among  other  masses  is  itself  a  result  and  not  a  cause  of 
disturbance.  The  disturbances  of  stratified  rocks  may  perhaps  be  due 
to  widely  extended  accessions  of  heat  expanding  large  masses  of  rock, 
of  all  kinds,  simultaneously  over  great  spaces,  and  the  subsequent  con- 
tractions when  that  heat  is  diminished  or  taken  away.  Small  local 
intrusions  of  igneous  rock  may  have  acted  as  stays  and  wedges  to  pre- 
vent the  dislocated  beds  settling  back  into  their  former  places,  but  the 
intrusion  of  igneous  rock  during  widely  spread  disturbance  seems  rather 
to  have  been  the  exception  than  the  rule. 

When  we  come,  indeed,  to  suppose  large  intrusions  of  great  granitic 
masses  into  the  rocks  above  them,  we  see  a  fertile  source  of  dislocation, 
first,  by  the  expansion  of  the  superior  rocks  from  the  mere  irruption  of 
the  bulk  of  the  molten  mass,  and  afterwards  from  contraction  in  conse- 
quence of  the  cooling  of  that  mass,  which  contraction,  as  we  shall  see, 
might  amount  to  even  one-fourth  of  its  bulk.  Where  any  laige  mass 
of  matter,  too,  has  been  erupted  or  ejected  over  the  surface  of  the  ground, 
the  withdrawal  of  its  bulk  may  have  tended  to  leave  a  void  space  in  the 
interior,  which,  if  it  were  not  filled  up  with  other  igneous  matter,  would 
be  followed  by  subsequent  sinkings  and  dislocations  of  the  rocks  over  it 
As  a  matter  of  fact,  however,  proved  distinctly  in  many  cases  in  the  course 
of  the  Geological  Survey  of  the  United  Kingdom,  masses  of  igneous  rock, 
whether  contemporaneous  with  the  beds  in  which  they  lie,  or  subse- 
quently intruded  into  them,  existed  there  before  the  occurrence  of  the 
faults,  and  have  been  traversed  by  those  faults,  and  "  thrown  **  by  them, 
just  as  much  as  the  aqueous  rocks  with  which  they  are  associated.  Nor 
are  these  igneous  rocks  affected  by  the  faults  only,  but  in  many  cases  by 
the  contortions  also  both  on  a  large  and  small  scale,  so  as  to  prove  that  the 
contortion  did  not  commence  till  after  the  igneous  rock  was  consolidated. 

•  Traru.  Comb.  Phil.  Soo,  vol.  vi.  p.  1. 


CHAPTER  X. 


CLEAT AOB   AHD  FOLIATION. 


We  li«Ye  now  examiaed  three  kinds  of  diTieional  planes  travereing 

rock — those,  namely,  which  we  might  c&ll  congenital,  or  planes  of 

lamination  and  stratilication  ;  those  which  are  necessarily  ruultant  on 

coMolidation  or  joint  planes  ;  and  those  which  we  may  term  accidental, 

voeh  as  faults.     There  ia 

yet  another  kind  to   be 

described,  which  we  may 

all  taperinduced  planea  of 

division  ;    and    these    are 

planes  of  "cleaTsge  "  and 

"  foliation." 

Blftty  CleaTOge. 
By    "  cleavage "     or 
"d.tr(or«Ouuv.i«,T 

cleavage,"  as  it  is  some- 
time* called,  we  under- 
stand a  tendency  in  rocki 
to  split  into  very  thin 
plat^  in  a  certain  given 
ditection,  independently  of 
any  original  lamination  or 
•tratifiGation  of  the  rocks. 
It  is  a  structure  which  is 
most  especially  remark- 
able in  clay-slate,  but  is  " 
sometimes  apparent  in  Fig.  ss. 
sandstones  and  limestones, 
and  in   some   trap   rockb   1             _  . 

Where  it  eiists  it  is  al-  cmmpl"!  bori»nt»l  b«nd»  m  ths  bed«,  lie  1 
ways  most  penect  m  tne  ^^  ,,^  ^  ^^^  dmrk.nrt  Ude  menly  r«preM 
nnest  t^rauied  rocks,  split-  Aadom,  uid  most  not  be  ttkeo  tot  p1u«  of  dlTlalos 
ting  them  into  an  indefi-    U"  "xA  Ukt  thou  in  tiw  front  vbich  do  not  p 

nileniuuber  of  thin  leaves  t»™i«'' tho  .rhiu  buidt 

or  plates,  perfectly  smooth  and  parallel  to  each  other.     The  coarser  tl 
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rock,  the  Caintery  the  wider  apart,  and  the  more  rongh  and  irregular,  do 
the  cleayage  planes  become.  In  Fig.  83  is  shown  a  block  of  slate  con- 
sisting of  alternations  of  fine  porple  and  rather  coarser  green  and 
whitish  beds,  which  have  been  puckered  and  crumpled.  The  finer 
grained  and  thicker  beds  are  perfectly  cleaved  by  planes  cutting 
directly  across  them  parallel  to  the  dark  side  of  the  block,  which  is 
itself  a  deayage  plane,  while  the  coarser  parts  show  lees  tendency  to 
split  in  that  direction,  except  at  wider  irr^;ular  intervals. 

This  cleavage  may  either  coincide  with  the  original  lamination  of 
the  rock,  or  cut  across  it  at  any  angle.  When  it  cuts  across  the  bed- 
ding of  the  rock,  the  original  lamination,  or  tendency  to  split  along 
the  planes  of  depoeitiony  is  generally  obliterated,  the  lamintp  being,  as 
it  were,  welded  together.  This  cementation  of  the  original  laminAiinn 
is  not  quite  invariably  the  case.  I  have  met  with  at  least  one  instance 
where  the  rock,  an  indurated  shale,  split  as  readily  along  the  original 
lamination  as  along  the  cleavage  planes,  and  was  thus  minced  into 
long,  needle-shaped  spiculss  of  slate.* 

Transverse  cleavage  in  sandstone  usually  divides  the  rock  into 
coarse  slabs  only,  the  upper  and  under  surfaces  of  the  sandstone  often 
breaking  into  dog-toothed  indentations.  In  traversing  conglomerates, 
the  cleavage  planes  leave  the  pebbles  standing  out  in  relief,  and  do  not 
cut  through  them  as  joint  planes  do.^  Cleaved  limestone  generally 
has  the  original  bedding  greatly  obliterated  and  obscured  ;  the  slates 
which  it  forms  are  thick  and  uneven,  and  their  surfaces  often  coated 
by  argillaceous  films,  sometimes  giving  to  the  cleavage  the  exact  ap- 
pearance of  bedding.  Among  trap  rocks,  some  very  fine-grained  fd- 
stones  are  occasionally  affected  by  cleavage,  and  fine-grained  trappean 
tuffs  are  often  so  affected.^ 

In  passing  through  beds  of  different  texture,  the  cleavage  planes 
often  vary  their  angle  a  little,  having  a  tendency  to  cut  more  perpen- 
dicularly across  the  coarser  than  the  finer  grained  beds.  When  the 
inclination  of  the  cleavage  planes  and  that  of  the  original. planes  of 
lamination  become  nearly  coincident  in  any  locality,  they  sometimes 
appear  to  coincide  entirely,  as  if  the  cleavage  went  a  little  out  of  its 
way,  as  it  were,  to  coincide  with  the  bedding. 

The  finest  and  largest  roofing  slates  seem  to  be  those  of  a  blmsh, 
grey,  or  pale-green  colour.  Where  they  become  either  very  red  or  quite 
black,  they  are  more  brittle,  and  more  readily  decompose,  owing  pro- 
bably to  the  presence  of  peroxide  of  iron  in  the  one,  and  carbonaceous 

*  Report  o/Oeologieal  Swrvey  qf  Newfowndland,  p.  75. 

t  Professor  Sedgwick. 

t  This  is  the  case  with  the  felspathic  porphyry  and  Mhes  near  the  sninmit  of  Bnowdoa, 
as  described  and  figured,  by  Professor  Ramsay  in  his  Memoir  on  North  Wales  (Mnu  GeoL 
Surv.  vol.  iii  p.  120) ;  and  I  have  seen  beautiful  specimens  of  felstone-slAte  in  County 
Waterford. 
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matter  in  the  other.  Bands  of  colonr,  snch  as  faint  red,  green,  white, 
or  grey,  may  sometimes  be  observed  on  the  sides  of  slates,  often  coin- 
ddhig  with  slight  changes  of  grain  or  textnre.  These,  which  are  called 
the  *^  stripe "  of  the  slate  by  Professor  Sedgwick,  mark  its  original 
stratification.  The  bands  in  the  block,  which  is  figured  in  Fig.  83, 
show  this  "  stripe  "  very  welL  Irregular  blotches,  however,  of  different 
colours,  occasionally  occur  ;  and  sometimes  even  pretty  regular  broad 
bands  of  colour  are  to  be  seen,  which  do  not  coincide  with  the  bedding, 
but  go  sometimes  directly  across  it,  as  proved  by  beds  of  sandstone 
interstratified  with  the  slate.  Care  must  be  taken,  therefore,  in  field 
observations,  not  to  rely  too  implicitly  on  mere  bands  of  colour  in  slate 
rocks,  unless  they  coincide  with  bands  of  various  texture — that  is, 
layers  of  finer  and  coarser  grain,  which  may  always  be  trusted  to  show 
the  original  ^  layers  of  deposition  "  in  the  rock. 

Direction  of  Cleavage  Planes. — The  direction  of  cleavage  planes  is 
generally  constant  over  considerable  areas,  retaining  the  same  compass 
bearing  through  whole  mountain  chains,  or  across  large  countries, 
without  paying  any  regard  to  the  contortions  and  convolutions  of  the 
rocks.  One  of  the  best  examples  of  this  steady  direction  in  the  strike 
of  the  cleavage  planes  is  the  south  of  Ireland,  over  the  whole  of  which, 
from  Dublin  to  the  Mizen  Head  and  the  Dingle  Promontory,  the  direc- 
tion of  the  cleavage  seldom  varies  10°  from  East  26°  North,  whatever 
rocks  it  traverses,  and  however  different  these  rocks  may  be  in  litho- 
logical  character  and  geological  age.  A  few  local  exceptions,  in  which 
the  cleavage  had  a  strike  to  the  south  of  east  and  west  of  north,  have, 
however,  lately  been  observed. 

This  steady  direction  generally  coincides  with  that  of  the  main 
lines  or  axes  of  elevation  and  disturbance  which  traverse  the  district, 
and  consequently  with  the  *'  strike  **  of  the  beds. 

In  North  Wales  the  strike  of  the  cleayage  in  the  Snowdon  chain  is  generally 
NJL  and  S.W.,  dipping  sometimes  to  the  N.W.  and  sometimes  to  the  S.£.  at 
high  angles  (see  Fig.  84).  Fig.  84  is  taken  from  one  in  Phillips'  Report  on  Cleayage, 
in  the  Proceedings  of  (he  British  AssodcUion  for  1856,  being  an  extension  of  one 
previously  given  by  Professor  Sedgwick,  mnning.N.W.  and  S.E.  through  the 
Snowdon  Chain  ;  the  spectator  looking  N.E.  In  this  section,  the  beds  c  c  c  are 
conglomerates,  the  other  beds  being  parallel  to  them,  and  the  fine  strie  are  cleavage 
planes  striking  with  the  beds  to  the  N.E.,  but  cutting  them  across  in  the  direction 
of  the  dip ;  for  while  the  beds  undulate  at  various  angles,  the  cleavage  dips  N.W. 
at  80**  or  86°  from  AtoB ;  S.E.  at  80°  to  85°  from  B  to  C ;  and  80°  to  the  N.W. 
from  C  to  D.  In  the  Berwyn  chain,  where  the  beds  curve  regularly  round,  from 
a  N.E.  and  S.  W.  strike  along  the  Bala  and  Corwen  valley,  to  an  East  and  West 
strike  along  the  vale  of  Llangollen,  the  strike  of  the  cleavage  follows  with  equal 
regolarity,  the  cleavage  planes  dipping  W.  20°  N.  at  80°  in  the  country  between 
Bala  and  Llang3rnnog,  curving  roimd  as  they  approach  Corwen,  and  striking 
either  due  E.  and  W.,  or  E.  5°  N.  and  W.  6°  a,  on  both  sides  of  the  Dee,  between 
Corwen  and  Llangollen,  with  a  dip  almost  invariably  to  the  north  at  a  high  angle. 
In  a  hill  called  Moel  Faen,  between  Llangollen  and  the  head  of  the  vale  of 
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a  Bwlah  BUwfelyn,  the  bed*  are  bent  ioto  >  lynclinal  enrrs,  m  >■  ta 
dip  DDTth  on  the  toath  nde,  uid  amtli 
OD  tbe  north  side  of  the  hill ;  while  the 
deavttge  preserrea  iU  iteadj'  dip  to  the 
north  at  about  60°.  Tbe  connqusioe 
is,  that  where  the  dip  oC  the  bedj  and 
that  of  the  cleftvage  eoinddee,  the  nek 
makea  adniii&ble  flagt,  which  an  lu^j 
quarried  ;  while  ou  tbe  other  (Me,'i^ere 
the  cleavage  eroawe  the  bedding'  ilate 
Is    produool  and  quarried   for   twflng 


J  The  inclination  of  cleavage  pluci 
varies  from  the  perpeadicnlai'  to  within 
■  a  few  degrees  of  the  honunital,  bnt  baa 
S  no  apparent  refereoce  to  the  dip  <rf  tbe 
a  bed).  Mr.  Sharpe  givn  10°  to  the 
3  W.N.W.,  ae  the  dip  of  the  cleaTage  <rf 
1  the  TintBgel  slate  in  ConiwalL  RoDsd 
^  the  head  of  Bantr?  Bay,  the  cltaTige 
f  plaoea  are  in  lome  plaeca  at  ai  low  an 
S  angle  le  20°,  in  otben  ate  papeDdimlar, 
Ti  while  tbe;  ereiTwhere  retain  tbe  auie 
g  itrikeofabont  E.K.E.andW.&W. 
i  I  ProfuBgor  Sedgwick  was  tlie  fin* 

^  'S  to  systematically  obeeire  and  de- 
-|  scribe  the  phenomena  of  elaty 
"  cleavage.*  In  the  third  of  the 
^  publications  mentioned  beloir,  he 
£  gives  the  following  as  the  leaolte 
<D  at  which  he  had  arrived  : — 
I  "  Ut,  That  the  strike  of  the 

I  cleavage  pUnes,  when  they  were 
S  well  developed,  and  passed  thioogh 
S  well-defined  mountain  ridges,  was 
I  nearly  coincident  with  the  strike 
of  the  beds. 

"  2d,  That   the    dip  of    these 
planes  (whether  in  quantity  or  direc- 
tion) was  not  regulated  by  the  dip 
3  of  the  beds,  inasmuch  as  the  deav- 

a  age  planes  would  often  remain  on- 

changed,  while  they  passed  through 
beds  that  changed  their  prevailing 
dip  or  were  contorted. 
"  3d,  That  where  the  features  of  the  country  or  the  strike  of  the  beds 

*  H1(  abHmU<H»  will  be  fonnd  bi  tike  Traiututiimi  tf  On  Ctohtkai  Sodtlfi,  tdL  UL.od 
"TheStnictnnaf  largsMinenlHaBeei;''BDd  tlnin  bta  InfrodMCHw  l« a  Sr"ifttl  ^  llit 
BrttiA  PoJwiHte  SocJu,  Sd  FaMtcolu,  p,  sg. 
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were  ill  defined,  the  strike  of  the  cleavage  became  also  ill  defined,  so  as 
sometinies  to  be  inclined  to  the  strike  of  the  beds  at  a  considerable 
angle. 

''4th,  Lastly,  that  in  all  cases  where  the  cleavage  planes  were 
well  developed  among  the  finer  slate  rocks,  they  had  produced  a  new 
airangement  of  the  minutest  particles  of  the  bed  through  which  they 
pass." 

Origin  of  01eava«e. — One  of  the  most  striking  effects  of  cleavage 
is  the  distortion  it  produces  on  fossils  or  other  small  bodies  embedded 
in  the  rocks,  lengthening  and  pulling  them,  as  it  were,  in  the  direction 
of  the  cleavage,  and  contracting  them  in  the  opposite  direction.  Relying 
on  these  facts,  which  were  first  distinctly  noticed  by  Professor  Phillips, 
Mr.  Sharpe  attributed  the  production  of  cleavage  to  the  action  of  great 
forces  of  compression  squeezing  the  particles  of  rock  in  one  direction, 
and  lengthening  them  in  the  opposite.*  Mr.  Darwin,  also,  &om  his 
observations  in  South  America,  formed  similar  ideas  as  to  the  origin  of 
cleavage,  and  speaks  of  cleavage  planes  as  being  probably  parts  of  great 
curves,  of  such  large  radius  as  that  any  portions  of  them  that  can  be 
seen  at  one  view  appear  to  be  straight.  More  recently,  Mr.  Sorby, 
resting  on  the  fact  that  beds  of  sandstone  which  occur  in  slate  are  con- 
torted, and  their  thickness  contracted  at  the  sides  and  expanded  at  the 
tops  and  bottoms  of  the  curves,  the  axes  of  which  curves  coincide  in 
direction  with  the  cleavage  planes,  while  the  beds  of  slate  above  the 
sandstone  are  little  if  at  all  bent,  maintains  that  the  particles  of  the 
slates  must  have  been  compressed  at  right  angles  to  the  cleavage  planes, 
and  lengthened  along  them,  so  as  to  allow  of  their  being  squeezed 
into  the  same  contracted  space  as  the  contorted  sandstones,  without 
much  bending  of  their  own  bedding  planes,  f 

By  microscopical  examination,  Mr.  Sorby  found  that  the  minute 
psrtides  of  clay-slate  were  either  lengthened  in  the  direction  of  the 
cleavage  planes,  or  that  those  minute  particles,  which  were  of  unequal 
dimensions,  were  so  re-arranged  as  that  their  longer  dimensions  coin- 
cided with  the  planes  of  the  cleavage.  He  did  not  suppose  that  the 
existence  of  peculiarly  shaped  particles  was  necessary  to  the  production 
of  cleavage,  he  merely  used  them  as  tests  to  show  that  the  particles  had 
been  re-arranged  by  the  action  of  the  pressure  to  which  he  attributed 
the  cleavage.  Dr.  Tyndall  subsequently  investigated  the  subject,  and 
produced  perfect  slaty  cleavage  artificially,  in  clay  and  white  wax,  and 
other  substances,  by  subjecting  them  to  pressure  under  conditions  which 
allowed  of  their  expansion  in  directions  at  right  angles  to  the  pressureJt 

•  Quttrterlff  Journal  Oedogical  Society,  vol  lit  p.  87. 

t  8m  New  PkOotophieal  Jowmalf  1853,  vol  Iv.,  p.  187 ;  and  Lyell's  ElemenU,  eth  edition, 
p.  741 

X  His  TWDlU  an  giren  in  the  PhUotophieal  Magatiiu,  voL  xii.,  and  in  a  lecture  to  the 
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Professor  Sedgwick  at  one  time  thought  that  he  could  perceive  a 
tendency  to  a  symmetrical  arrangement  of  the  inclination  of  the  planes 
of  cleavage  with  respect  to  the  axes  of  lines  of  elevation,  the  dip  of  the 
cleavage  being  inwa^  on  each  side  of  the  mountain  ranges.  He  after- 
wards, however,  saw  reason  to  abandon  this  condusion.  Mr.  Darwin 
speaks  of  the  fan-like  arrangements  of  the  cleavage  planes  which  have 
been  described  by  Von  Buch,  Studer,  and  others  ;  and  Mr.  Sharpe  says 
that  this  apparent  fan-like  arrangement  is  due  to  parts  of  two  contiguous 
curves  meeting  where  their  adjacent  sides  become  perpendicular.* 

The  prevailing  opioion  now  among  those  natural  philosophers,  to 
whom,  of  course,  geologists  must  look  as  authorities,  is  that  Slaty 
Cleavage  is  the  result  of  the  mechanical  forces  that  have  acted  upon  tbe 
crust  of  the  earth.  Mechanical  force  and  chemical  action,  however, 
are  often  so  intimately  connected,  that  the  latter  may  often  have  accom- 
panied or  followed  the  former  in  this  as  in  other  cases. 

Time  of  Froduotion  of  Cleavage. — Slate  occurs  chiefly  in  or  near 
to  mountain  chains,  or  places  which  have  the  structure  if  not  the  altitude 
of  mountains,  and  is  found  in  all  parts  of  the  world,  and  in  formatioDS 
of  all  geological  age.  In  the  British  Islands,  indeed,  slate  is  found 
almost  solely  in  the  Palaeozoic  rocks,  but  the  Andes  of  Chili  and  Tierra 
del  Fuego  contain  clay-slate  of  Cretaceous  age,  and  the  black  slates  of 
Qlarus  in  Switzerland,  which  are  formed  by  as  true  a  slaty  cleavage  as 
any  in  Wales,  are  of  still  more  recent  date. 

SurfAce  DiBtarbanoe  of  Cleavage  Planes. — ^The  dip  of  the  cleavage 
may  be  easily  mistaken,  unless  it  be  observed  in  deep  excavations. 
Superficial  causes  have  frequently  affected  and  sometimes  completely 
inverted  it  to  very  considerable  depths,  as  shown  in  Fig.  85,  and  even 
to  a  much  greater  extent  than  is  there  delineated.' 

When  these  superficial  bendings  of  slate  occur  on  steeply  inclined 
ground,  they  may  perhaps  be  referred  to  the  action  of  gravitation  on 
substances  loosened  by  weathering,  or  the  "  weight  of  the  hill,"  as  it 
has  been  called.  In  other  cases,  their  origin  is  more  obscure,  and  I 
have  seen,  at  least,  one  instance  in  North  Wales,  where,  on  the  hori- 
zontal surface  of  an  isolated  boss  of  rock,  the  slates  were  so  sharply  and 
abruptly  bent  back  and  laid  nearly  fiat,  and  partly  consolidated  in  that 
position,  as  to  give  the  idea  of  its  being  due  to  some  sudden  and  great 

Royal  Institiitioii,  since  pablisbed  in  the  appendix  to  his  work  on  The  GlaeUrs  of  the  Aljx. 
In  a  paper  in  the  same  volame  of  the  PhUosophieal  Magarine  Professor  Haogbton  has 
deduced  mathematioally  a  value  for  the  compression  of  the  rodcs,  trom  examixiixig  tbe 
amount  of  distortion  suffered  by  fossils  in  some  particular  instances  in  consequence  of  tlib 
compression. 

*  We  must  refer  the  reader  to  his  papers  on  this  subject,  in  the  third  and  fifth  Tohxmn 
of  the  Jowmal  cf  the  GtologiocU  Society  before  quoted,  and  in  the  PhUonphical  TnmjoeHoiu 
for  1852.  In  the  Proceedings  of  (hs  British  AesocioUion  for  1866  will  be  found  the  first  part 
of  a  Report  by  Professor  Phillips  on  this  sul^ect. 
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force,  Buch  as  the  gronnding  of  an  iceberg.*     I  Have  more  lately  ob- 
Berred  in  Devonsliire,  where  it  has  been  much  noted  by  Sir  H.  De  la 


Beche,  in  one  or  two  places  the  upper  part  of  some  aUtee  thus  abraptly 
bent  back  into  a  horizootal  position  for  a  depth  of  several  feet  Jiom  the 
■arfac«.  They  were  always  bent  down  the  bill,  bnt  the  elope  of  the 
gronitd  waa  not  steep.  Neither  is  there  any  constancy  in  the  direction 
of  this  surface  bending  of  slates,  as  has  been  recently  asserted,  for  ia  a 
recent  eicaraioa  in  Sonth  Devon  I  saw  as  many  cases  of  the  elates 
being  snperficially  bent  to  the  north  down  a  hill,  the  slope  of  which 
was  inclined  in  that  direction,  as  in  any  other, 

Foliatioii. 

The  technical  meaning  of  this  term,  originally  snggested  by  Pro- 
fessor Sedgwick  in  his  paper  on  the  "  Mineral  Structure  of  Large 
UasHes,"  before  referred  to,  and  since  adopted  by  Mr.  Darwin  in  bis 
volume  on  the  "Geology  of  South  America,"  is  a  "  separation  into  crys- 
talline layers  of  different  mineral  composition,"  while  cleavage  means 
only  a  "  tendency  to  split"  in  a  mass  of  the  same  composition.  Folia- 
tion, however,  even  when  it  coincides  with  the  original  lamination  of  a 
bed,  is  nevertheless  a  superinduced  structure. 

In  examining  a  specimen  of  a  true  schist  or  foliated  rock,  and  com- 
paring it  with  one  of  shale  made  of  the  same  materials,  arranged  in 
laminte  merely  by  the  act  of  deposition,  the  difference  is  at  once  per- 
ceptible, although  it  is  not  easily  described  in  words.     Ia  mica-schist 

'  Wltboat  latsDdinc  to  Inipuch  Uis  iccnncj  of  m;  ncordsdobismtkini,  I  yeteuuiot 
(h1  •ots  Out  muir  eTBD  of  m;  owa  nglatand  obHiTatloni  on  clwsge  In  dUhicut  louU- 
tici  HUT  oot  be  ilIbeMd  bj  emm  ot  tbe  kind!  mUuled  Is  ibove. 
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the  mica  occms  not  in  small  distinct  spangles,  but  in  continnoos  ''folia," 
with  an  imbroken  micaceoni  lustre  and  stmctiire  oyer  the  whole  sur- 
face of  the  layer. 

In  gneiss  the  rock  has  a  firmer  texture,  and  a  more  crystalline 
aspect  Sometimes  even  large  distinct  crystals  of  one  or  other  mineral 
traverse  the  folia,  and  occasionally  the  foliation  is  more  or  less  lost  in 
and  obliterated  by  the  further  development  of  the  crystalline  structure. 
Professor  Sedgwick  is  of  opinion  that  the  foliation  usually  coincides 
with  the  cleavage,  and  is  merely  a  further  development  of  the  same 
process,  an  opinion  in  which  he  is  supported  by  Mr.  Darwin  and  the 
late  Mr.  Sharpe.  In  speaking  of  cleavage,  he  says  that  in  many  cases 
the  cleavage  laminss  ''  are  coated  over  with  chlorite  and  semi-crystalline 
matter,  which  not  merely  define  the  planes  in  question,  but  strike  in 
paralld  flakes  through  the  whole  mass  of  the  rock.** 

Mr,  Darwin* »  Obaervalums  on  the  FoUaUon  of  S,  America, — Mr.  Darwin*  has 
some  excellent  remarks  upon  this  subject.  He  says  (p.  16S) — "  The  fact  of  the 
cleavage  lamina  in  the  clay-slate  of  Tierra  del  Fuego,  when  seen  cutting  straight 
through  the  planes  of  stratification,  differing  slightly  Jn  colour,  texture,  and  hud- 
ness,  appears  to  me  very  interesting."  He  observed  in  Chili,  "  some  distinct  thin 
layers  of  epidote,  parallel  to  the  highly  inclined  cleavage  of  the  mass."  He  then 
goes  on  to  remark,  with  respect  to  the  foliation,  ''as  in  Uie  case  of  cleavage  lamins, 
the  folia  preserve  over  very  large  areas  a  uniform  strike,  thus  Humholdt't'  found 
for  a  distance  of  800  miles  in  Venezuela,  and  indeed  over  a  much  larger  space, 
gneiss,  granite,  mica,  and  clay-slate,  striking  very  uniformly  N.B.  and  S.W.,  simI 
dipping  at  an  angle  of  between  60*  and  70°  to  N.W., — ^it  would  even  appear  from 
the  facts  given  in  this  chapter,  that  the  metamorphic  rocks  throughout  the  north- 
eastern parts  of  South  America  are  generally  foliated  within  two  points  of  N.E. 
and  S.  W.  Over  the  eastern  parts  of  Bands  Oriental,  the  foliation  strikes  with  a 
high  inclination  very  uniformly  N.N.E.  to  S.S.W.,  and  over  the  western  parts  in 
a  W.  by  N.  and  K  by  S.  line.  For  a  space  of  300  miles  on  the  shores  of  the 
Chonos  and  Chiloe  Islands,  the  foliation  seldom  deviates  more  than  a  point  of  the 
compass,  from  a  N.  19*  W.,  and  S.  19**  K,  strike."  He  then  proceeds  to  state, 
that  the  angle  of  the  dip  in  the  foliated  rocks  is  generally  high,  but  variable,  some- 
times on  one,  sometimes  on  the  other  aide  of  the  line  of  strike,  and  someHmes 
vertical,  and  adds — 

"  On  the  flanks  of  the  mountains,  both  in  Tierra  del  Fuego  and  other  countries, 
I  have  observed  that  the  cleavage  planes  frequently  dip  at  a  high  angle  inwards  ; 
and  this  was  long  ago  observed  by  Von  Buch  to  be  the  case  in  Norway ;  this  fact  is 
perhaps  analogous  to  the  folded  fan-like  or  radiating  structure  in  the  metamorphic 
schists  of  the  Alps,^  in  which  the  folia  in  the  central  crests  are  vertical,  and  on 
the  two  flanks  inclined  inwards.  Where  masses  of  fissile  and  foliated  rocks  alter* 
nate  together,  the  cleavage  and  foliation,  in  all  cases  which  I  have  seen,  are  paralld. 
Where,  in  one  district,  the  rocks  are  fissile,  and  in  another  adjoining  district  they 
are  foliated,  the  planes  of  cleavage  and  foliation  are  likewise  generally  parallel. " 

He  sums  up  his  observations  as  follows  : — **  Seeing,  then,  that  foliated  schists 
indisputably  are  sometimes  produced  by  the  metamorphosiB  of  homogeneous  fissfle 
rocks ;  seeing  that  foliation  and  cleavage  are  so  closely  analogous  in  the  serenl 

*  In  the  sizth  ch^ter  of  hit  GttAogieal  Ob9troation$  oh  StnUk  America,  p.  ISS. 

♦  Penonal  Namtirt^  voL  vt,  p.  Ml,  «t  «eg. 

%  Studer,  in  Bdi^,  Nno  PhiL  Journal,  vol.  xxiH.,  p.  144. 
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kboT*  aQunarsted  ntpcete ;  wcing  that  toma  flaaile  and  almott  faomogeDMns  rocka 
show  incifoeDt  minenlogical  cbanges  Along  the  plaDU  oF  their  cle&vaga,  and  that 
other  rocka  with  a  fiaaile  itracture  alteraata  wlUi  tud  pisa  into  varieties  with  a 
foliated  itrnctan^  1  caoDot  donbt  tliat  in  Diost  eaaea  foliation  and  cleavage  an 
puta  of  the  aame  proccM  ;  in  cl«aTa{(e  there  being  only  an  incipient  uparation  of 
the  Goqalitnent  minerala,  in  foliation  a  much  more  complete  leparatian  and  ci7atal- 
.  liutioD."  *  Ut.  Darwin  afterwardi  seems  inclined  to  refcT  aome  of  the  apparent 
■tratification  of  metamorphic  achiatB,  or  their  separation  into  alteniBtiog  beds  of 
different  mineral  composition,  to  a  still  further  development  of  the  foliating  pro- 
ceaa,  thoogh  he,  of  courae,  does  not  extend  this  so  far  as  to  indade  ths  production 
of  "  tiikk  beds  of  marble,"  or  other  distinct  rock. 

I}ifibreiioe  between  Cleavage  and  Foliation. — It  wontd  be 
with  unaffected  diffidence  that  I  ehould  venture  to  differ  from  euch  a 
high  BOthotity  as  Mr.  Darwin,  more  especially  on  a  point  in  which  he 
agrees  with  tay  own  old  master  and  teacher  ^«faMor  Sedgwick.  I  may 
however,  perhaps,  be  allowed  to  suggeet  the  poBsibility  that  the  connec- 
tion between  cleavage  and  foliation,  in  such  cases  as  those  mentioned 
by  Mr.  Darwin,  may  be   a  proof  of  their  coincidence  rathPT  than  of 


Tollatlon of  micaicblit,  colnoldent  wdlh bedding.    Aidmamock,  Loch  Fjn*. 

Sketched  by  Kr.  OelUe. 

Tbe  One  wavr  IIbh  show  the  foltitton  of  th*  scblst,  and  the  thicker  white  bands  are 

beds  of  snywieke  intentntlfled  wltb  the  scbLit.  and  pnxrlng  that  ths  original  bedding  of 

the  Tocks  and  the  Bopflrlndnced  fOUatien  coincide  In  direetien. 

their  identity.  If  rocks  already  cleaved  are  acted  upon  by  any  agency 
tending  to  metamorphose  them,  and  rearrange  their  particles  in  separate 
folia,  that  rearrangement  may  in  some  cases  take  place  along  the  cleav- 
age planea,  and  in  othen  along  those  of  original  lamination.t     It  may 
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even  happen  that  in  some  districts  both  cases  may  occur,  and  both, 
perhaps,  may  be  mingled  in  such  a  way  as  not  to  be  readily  distinguish- 
able where  the  metamorphism  has  become  very  complete.  Moreover, 
since  the  cleavage  planes  usually  strike  with  the  principal  axis  of  eleva- 
tion, and  the  beds,  especially  when  they  approach  the  vertical  position, 
have  necessarily  tibe  same  general  strike,  it  follows  that  the  cleavage 
and  foliation  must  necessarily  be  generally  parallel  to  each  other, 
whether  the  folia  coincide  with  the  cleavage  or  the  stratification. 
Observations  as  to  the  vast  thickness  of  such  groups  of  rock  may  often 
be  deceptive,  since  concealed  anticlinal  and  synclinal  curves  frequently 
occur  in  them,  the  beds  being  either  vertical  or  inclined  in  the  same 
direction,  on  account  of  one  or  the  other  side  of  the  curves  being 
inverted,  and  the  folds  often  sharp,  and  either  not  occurring  just  at  the 
present  surface,  or  occurring  in  places  where  the  rocks  do  not  happen 
to  be  exposed  at  the  surface.  From  the  observations  of  Sir  Roderick 
Murchison  and  Mr.  Geikie,  it  appears  that  in  the  Highlands  of  Scot- 
land, where  metamorphism  has  been  developed  on  a  great  scale,  the 
foliation  is  coincident  with  the  original  stratification  of  the  rocks.  (See 
Fig.  86.)  This  is  shown  by  the  intercalation  of  fossiliferous  quartz 
rocks  and  limestones  among  the  gneissose  rocks,  the  foliation  in  the 
latter  coinciding  with  the  dip  and  strike  of  the  former.* 

Cleaved  and  FolicUed  Rocks  of  the  Leinster  district. — Districts  where  the  metft- 
morphic  action  has  been  yeiy  great  and  very  widely  spread,  such  as  those  of  S. 
America,  of  the  Highlands  of  Scotland,  of  Scandinavia  or  the  Central  Alps,  may 
be  less  iilstnictive  than  others,  where  the  alteration  having  taken  place  to  a  less 
extent,  and  on  a  snudler  scale,  its  natnre  may  be  the  more  readily  grasped. 

Such  a  district  we  have  in  the  south-east  of  Ireland,  where  one  great  mass  of 
granite  has  been  intruded  into  the  clay-slates  of  the  district,  forming  a  continuous 
range  of  granite  hills  from  Dublin  Bay  to  the  neighbourhood  of  New  Ross,  a  dis- 
tance of  70  miles.  Between  this  range  and  the  coast  other  smaller  intrusive 
bosses  of  granite  make  their  appearance  at  the  surface  through  the  clay-slate  roc^LS. 
The  clay-slates  are  generally  dark-grey,  blue,  or  black,  but  sometimes  pale  green 
or  greenish  grey,  with  occasionally  red  or  purple  bands.  They  are  generally  of  a 
dull  earthy  texture  and  without  lustre.  Small  bands  of  grey  cross-grained  siliceous 
grit  frequently  occur  in  them.  Wherever  the  granite  comes  to  the  surface,  a  belt 
of  slates  surrounding  it  is  converted  into  mica-schist,  with,  in  some  few  places, 
beds  of  rock  that  might  be  called  gneiss.  Crystals  of  garnet,  schorl,  andidusite, 
staurolite,  etc.,  sometimes  make  their  appearance  in  certain  beds  of  these  altered 
slates  where  they  closely  approach  the  granite.  The  width  of  the  metamorphosed 
belt  is  generally  proportioned  to  the  size  of  the  granite  mass  which  it  surrounds. 
Round  the  smaller  granite  bosses  it  is  sometimes  not  more  than  fifty  yards  wide  ; 
round  the  main  granite  mass  it  sometimes  reaches  to  two  miles. 

In  going  towards  the  main  granite  ridge,  it  is  foimd,  sometimes  at  a  distance 
of  two  miles  from  the  outcrop  of  the  granite  (which  is,  however,  much  nearer, 
probably,  in  a  vertical  direction),  that  the  slates  have  acquired  a  "  glaze,"  or 
micaceous  lustre,  with  a  soapy  feel.  This  lustre  is  apparent  throughout  the  mass 
when  the  slates  are  broken,  and  even  when  they  are  ground  down  into  sand  or 

•  Murchison  and  Qeikie,  Qitart.  Jwr.  GtoL  Soc,  vol  xvli.    D.  Forbes,  op,  eU.  vol.  xl.  p.  lec 
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powder.  The  micaceous  appearance  increases  as  we  approach  the  granite,  till  at 
last  the  whole  assumes  the  ordinary  character  of  mica-schist  The  small  inter- 
stratified  bands  of  siliceous  grit,  however,  show  no  more  appearance  of  crystallisa- 
tion or  micacisation,  even  when  in  contact  vnth  the  granite,  than  they  do  at  a  dis- 
tance of  two  or  three  miles  from  it,  although  the  grey  slates  interstratified  w^ith 
them  may  be  converted  into  the  most  glittering  silvery  mica-schist.  Together  with 
the  micaceous  lustre  on  the  surface  of  the  slates,  the  rocks  often  assume  the 
puckered  and  corrugated  texture  of  mica-schist.  I  at  one  time  thoi^ht  that  this 
Gormgation  might  be  due  to  metamorphisro,  like  the  foliation,  till  I  found  that 
the  small  bands  of  unaltei^ed  siliceous  grit  were  often  equally  corrugated.  The 
crumpling,  then,  must  be  ascribed  simply  to  a  mechanical  force  compressing  the 
rock  laUarally.  In  the  great  majority  of  instances,  the  folia  of  the  mica-schist^ 
whether  straight  or  puckered,  are  certainly  parallel  to  the  grit  bands,  and  there- 
fore to  the  original  lamination  and  stratification  of  the  rock. 

Some  of  the  gneissose  beds  about  Polmounty,  near  New  Ross,  had  all  the 
appearance  of  interstratified  beds  of  shale  and  sandstone  at  a  distance,  and  until 
they  were  broken  open  and  found  to  be  perfect  mica-schist  and  gneiss.  Other 
gneissose  beds  were  massive  and  thick-bedded,  and  contained  large  crystals  of 
felspar  (apparently  orthodase)  becoming  quite  porphyritic,  but  still  having  a  folia- 
tion parallel  to  what  is  apparently  the  original  stratification  of  the  mass,  which  in 
one  conspicuous  instance  (near  Graiguenamanagh)  is  nearly  horizontal*  In  this 
instance,  then,  the  foliation  was  clearly  developed  along  the  lamination  of  the 
rocks,  and  had  only  an  occasional  and  accidental  coincidence  with  the  cleavage. 
Good  slaty  cleavage  was  observed  in  the  clay-slates  immediately  outside  of  the 
metamorphosed  band  in  one  or  two  places,  without  showing  any  appearance  of 
foliation ;  and  not  differing  firom  the  slaty  cleavage  seen  at  a  distance  firom  the 
granite. 

Foliation  of  Anglesey. — The  8d  vol.  of  the  Memoi/ra  of  the  Geological 
Survey  contains  a  memoir  on  North  Wales,  by  Professor  Ramsay,  in  which 
the  student  wiU  find  some  interesting  "Observations  on  the  Metamorphism  of 
the  Bocks  of  Anglesey."  t  He  points  out,  as  Mr.  Sorby  had  previously  done, 
that  the  foliation  may  also  coincide  with  the  "oblique  lamination"  or  ''false 
bedding"  of  a  rock,  and  thus  appear  to  cross  the  planes  of  stratification  and 
jet  not  be  coincident  with  any  previous  cleavage.  He  also  describes  and 
gives  illustrative  sketches  of  the  many  curious  contortions  in  the  rocks  of 
Anglesey,  and  their  relations  to  the  foliation  of  the  metamorphosed  rocks,  showing 
that  it  is  often  difficult,  if  not  impossible,  to  determine  these  relations  with  any- 
thing like  certainty.  **  Stratification,  foliation,  and  cleavage,"  he  says,  *'  are, 
perhaps,  all  and  each  often  sufficiently  distinct ;  but,  again,  they  are  sometimes 
inseparable,  or,  in  other  words,  it  is  difficult  to  say  if  foliation  and  bedding 
coincide,  or  foliation  and  cleavage,  or  if  the  foliation  has  nothing  to  do  with 
either.  "J 

The  student  must  always  bear  in  mind,  when  making  observations  on  cleaved 
and  foliated  rocks,  or  in  reasoning  on  the  modes  in  which  these  structures  have 
been  produced,  that  although  the  rocks  which  show  them  are  now  at  the  surface, 
they  were  deeply  buried,  at  the  time  they  were  thus  affected,  under  a  thick  cover  of 
rock  which  has  since  been  removed.  There  is  one  curious  line  of  inquiry  respect- 
ing foliation  and  cleavage,  which  is  hinted  at  by  Professor  Ramsay  in  the  passages 
of  his  Memoir  quoted  from  above,  and  that  is  tiie  various  geological  periods  during 
which  the  different  rocks  that  show  them  were  so  affected  as  to  have  these  struc- 
tures produced  in  them  in  different  places.    This  inquiry  cannot  be  followed  out 

*  See  Explanatton  of  Sheets  147  and  157  of  the  Geological  Maps  of  Ireland, 
t  Him.  Gm>2w  5tttT.,  vol.  iii,  p.  177,  tiwtq.  t  Op.  eU.,  p.  180. 
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here,  since  it  is  one  which  inTolves  a  knowledge  of  geological  chronology  which  we 
have  not  yet  entered  on,  and  it  is  one  for  the  professed  geologist  rather  than  the 
stodtot. 

Foliation  has  been  referred  to  in  this  chapter  as  a  stracture  de- 
veloped in  rocks  subsequent  to  their  formation.  It  occurs  therefore 
only  in  metamorphic  districts,  and  is  intimately  associated  with  the 
process  of  metamorphism.  What  the  nature  of  that  process  is  MIb  to 
be  treated  in  the  next  section  of  this  Manual,  and  we  shall  then  hare 
occasion  to  recur  to  the  subject  of  foliation,  and  the  causes  to  which  its 
origin  is  to  be  ascribed. 


CHAPTER  XL 


UKOONFORMABILITT  AlH)  OVERLAP. 


Unoonibnnability  arises  from  a  soiface  of  '' Denudation'**  having 
been  formed  on  one  set  of  beds  before  the  deposition  of  another  set 
npon  them.  When  one  group  of  beds  rests  upon  the  denuded  edges  of 
another  group,  the  upper  is  said  to  be  onconformable  to  the  lower 
group.  In  most  cases  the  lower  group  has  been  tilted  before  the  edges 
of  its  beds  were  "  denuded,"  or  worn  away,  so  that  there  will  be  a 
marked  difEerence  in  the  **  lie "  of  the  two  sets  of  rocks.  The  com- 
monly received  idea  of  unconformabilitj  refers  solely  to  this  difference 
in  their  ^  lie,"  but  that  difference  is  not  essential,  since  two  unconform- 
able sets  of  beds  may  both  remain  horizontal,  or  be  subsequently 
tilted,  so  that  both  may  dip  at  the  same  angle  in  the  same  direction. 
The  most  general  statement  of  what  constitutes  unconformability  is — 
When  the  hate  of  (me  set  of  beds  rests  in  different  places  on  different 
parts  of  another  set  of  beds,  the  two  are  unconformable  to  each  other. 

For  unconformability  to  arise,  then,  there  must  be  two  different 
sets  or  groups  of  beds  which  had  an  interval  between  their  periods  of 
production,  that  interval  being  marked  by  a  greater  or  less  denudation 
of  the  older  set.  Overlap,  on  the  other  hand,  takes  place  only  in  the 
same  set  of  beds,  or  in  different  sets  of  the  same  conformable  series. 


Pig.  87. 
Simple  onoonfomuibUity. 

In  Fig.  87  we  have  represented  one  of  the  simplest  cases  of  uncon- 
formability, in  which  the  lower  groups  of  beds  m  m  have  been  uptilted 
and  denuded,  so  as  to  form  the  horizontal  surface  A  B,  on  which  the 

*  It  l«  impoHlble  adequately  to  comprehend  what  In  implied  in  nnconformabilitj  nnleta 
the  etndent  has  formed  a  proper  notion  of  what  in  meant  by  denudation.  He  may  refer  for 
detail!  regarding  the  latter  subject  to  the  next  section  (on  Qeologioal  AgenciesX  where  it  ia 
<^cassed  in  reference  to  the  cansea  by  which  it  has  been  produced. 
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beds  X  X  have  been  deposited.  The  lower  set  of  beds,  however,  may 
have  had  their  edges  denuded  without  being  tilted  from  the  horizontal, 
or  at  all  events  having  so  close  an  approximation  to  horizontalitj  at 
the  time  of  the  deposition  of  the  superincumbent  beds,  that  no  sensible 
difference  is  now  to  be  detected  in  the  "  lie  *'  of  the  two  groups  in  the 
places  where  they  are  exposed.     Fig.  88  will  serve  to  explain  this  case, 


\       «      X\  X       « 
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Fig.  88. 

in  which  the  beds  m  m  still  remaining  horizontal  have  had  their  surface 
A  B  worn  in  some  places  into  hollows  and  cliffs,  in  or  against  which 
the  beds  X  X  have  been  deposited.  If  these  two  sets  of  beds  chance 
to  be  exposed  in  places  where  the  surface  A  B  happened  to  be  hori- 
zontal at  the  time  of  the  deposition  of  X  X,  as  in  the  parts  between 
A  C  or  D  B,  their  unconformability  may  not  be  at  first  perceived.  An 
example  of  this  case  was  found  in  the  South  Staffordshire  coalfield, 
where  the  beds  X  X  are  represented  by  the  Coal-measures,  and  the 
beds  m  m  by  the  Silurian  rocks.*  It  is  necessary,  however,  if  the 
beds  remain  horizontal,  that  the  surface  of  the  lower  set  should  in  some 
places  be  inclined  ;  while,  if  the  beds  are  inclined,  the  surface  may  be 
horizontal,  or  may  cut  across  their  edges  at  any  angle  or  in  any 
direction. 

Cases  occur  of  apparent  unconformability  between  different  portions 
of  the  same  set  of  beds.  These  have  been  spoken  of  as  ^'Symon 
faults**  when  met  with  in  the  Coal-measures.t  I  believe,  however, 
that  these  are  larger  examples  of  what  I  have  already  described 
as  contemporaneous  erosion  and  filing  wpX  The  distinction  between 
them  and  true  unconformability  I  believe  to  be  this,  that  the 
surfEU^  of  erosion  in  their  cases  was  produced  merely  by  local  currents 
in  the  water  in  which  the  beds  were  being  deposited,  while  for  true 
unconformability  it  is  essential  for  the  beds  to  be  lifted  into  dry  hind, 
before  either  atmospheric,  or  even  marine  denudation  can  produce  a 
new  surface  on  them  generally,  for  the  sea  can  only  produce  such  an 
effect  by  its  breakers  acting  on  the  edge  of  a  dry  land. 

<  See  Utt^.  (ifOeoL  Survey,  Geology  of  a  Staff.  Coalfield,  2d  edit  p.  80. 

t  One  excellent  case,  in  Uie  Shropshire  coalfield,  has  been  described  bj  Mr.  Prestwidc 
in  the  5th  vol.  of  the  Sd  series  of  the  Trans.  Oeol  Soe.  Lond.,  and  again,  in  more  detail,  by 
Mr.  Scott  in  the  17th  vol.  of  the  Journal  of  that  Society. 

%  See  anUy  p.  164. 
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BnaoeaalTS  nnoonform»blU(lai  in  South  of  Ireland.  * — Ver;  conipli' 
aUd  cue*  or  nncanfonoabilitf  are  la  be  found  in  noma  places,  eapeciall;  among 
the  older  rocks.  In  the  aoutii  of  Irelanil,  for  instAace,  there  are  cases  in  which 
the  Lower  SUurion  beds  rest  nncooformabl;  on  the  denuded  edges  of  the  older 
Cambrian  roeka,  whQe  they  present  a  widely  dennded  eurf  ace  for  the  reception  of  the 
Cirboniferoui  formatioo.  These  likewiae  not  only  rest  nneonfomably  on  the  Lower 
SiloHan  beds,  but  ore  themselvea  greatly  disturbed  end  denuded,  so  tliat  we  have, 
within  a  Bmoll  sm,  proofs  of  three  seTerol  periods  of  tlie  elevation  of  sea-formed 
rocka  tulo  dry  land,  and  of  the  denudation  of  their  surface,  each  elevatloa  having 
gone  the  extreme  leiigth  of  placing  the  rocka  in  soma  porta  into  the  vertical  position. 

Fig.  S&  is  a  aection  near  AaUord,  in  Coonty  Wicklow,  showing  the  uuconfonc- 


Flg.  SB-  *■  IJ 

Sagtloa  ftom  aonth  to  north  ocna  the  Devll'i  Qlen  and  Balljcullen  HIU,  nau  Asbford, 
ConntT  Wicklow. 

abiHtr  of  the  Lower  BtlDrlan,  marked  8  9,  on  the  Cambnao  bedji,  marked  C  C. 

I : 1 


Sketch  of  tlMcIilboDtliencrtta  side  of  (be  BtTerSuir,  opposite  the  towu  of  WatvrfDtd. 
fig.  90  is  one  of  almost  innameTable  sketches  that  mlgbt  be  given  in  which  the 

■  t  hope  that  the  fact  that  misy  ot  tlie  following  eiamplei  on  ta>en  trooi  Iriih  locall- 
tlei  *U1  not  lead  the  itodent  to  rappooe  that  the  prlnciplo  deduced  are  ouIt  applicable  to 
that  oooBtiy.  I  have  taken  Iriah  examples  pirtly  from  a  relnctanca  to  erespsss  on  other 
ptwrni-  toiTiloils*,  and  go  berond  the  UuilU  of  the  domain  which  fortoDe  has  avigned  to 
■>•  fur  the  laat  aeveiileen  reon.  Mnmerona  examples  may  eaoily  be  deduced  fntm  the 
Mdj  o(  the  lecdogieal  nape  and  tectlau  of  Oreot  Britain  end  other  pari*  of  the  world. 

[The  dnt  coretol  enmlaaMon  and  deaerlptlon  of  nnconformability  appear  to  have  been 
thOH  ctf  the  Olnstifon*  Hntlon  anumg  the  palaosolc  rocks  of  BcotUnd.  The  itodent 
•luaht  not  tall  to  read  tlw  d«Mle  acconnt  of  these  resaoRhea,  given  by  Plaifolr  In  Us 
IhuIndaDa  of  the  Hnttonlan  theory,  and  in  his  beantirnl  Life  or  Hntton.  (irori*,TOl,lv.}] 
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nnoonformal^ty  of  the  Old  Red  Sandstone  to  tiie  Low«  ffilvum  is  plainly 
observable.  It  is  from  a  sketch  by  Mr.  Du  Noyer  of  the  diib  opposite  the  town 
of  Waterford,  in  which  the  Old  Bed  Sandstone  may  be  seen  formii^  sUghtJy 
inclined  beds  that  cap  the  hills,  and  rest  upon  the  edges  of  highly-indiiied  beds 
of  blue  slate  belonging  to  the  Lower  (or  Cambro)  Silniian  period. 

The  Carboniferous  Limestone  of  the  soutii  of  Ireland  is  always  conformable 
to  the  Old  Red  Sandstone  below,  although  it  often  overlaps  it,  in  consequenee  of 
the  comparatively  small  area  within  whidi  the  Old  Red  Sandstone  was  deposited, 
the  Carboniferous  Limestone  being  much  more  widely  extended.  In  one  plaee, 
near  Taghmon,  County  Wexford,  a  patch  of  the  Carboniferous  Limestone  rcstte 
directly  on  the  Cambrian  rocks,  at  a  distance  of  nine  miles  from  the  remaiDder  of 
the  Carboniferous  Limestone,  showing  that  the  Cambrian  had  there  been  denuded 
of  the  whole  of  its  former  covering  of  Lower  Silurian,  and  that  the  CarboniferDus 
Limestone,  spreading  beyond  the  limits  of  the  Old  Red  Sandstone,  came  to  lie 
directly  on  the  Cambrian.  A  similar  occurrence  is  known  at  Hafodty,  near  Corwen, 
in  North  Wales,  where  an  isolated  patch  of  Carboniferous  Limestone  rests  on  the 
lower  part  of  the  Upper  Silurian  rocks,  at  a  distance  of  ten  miles  from  the  main 
mass  of  the  Carboniferous  Limestone,  which  now  ends  in  an  abrupt  escarpmoit, 
600  feet  in  height,  just  north  of  Llangollen.  These  two  cases  are  proofs  also  of 
the  subsequent  denudation  or  removal  of  the  Carboniferous  Limestone  itsdf^  sinoe 
we  must  believe  that  the  now  separated  portions  formed  originally  parts  of  a 
continuous  mass  of  limestone  that  covered  the  whole  surrounding  country.* 

In  the  south  of  Ireland  we  may  follow  the  boundary  of  the  Carbomferons 
Limestone  and  Old  Red  Sandstone  through  the  counties  of  Kilkenny  and  Oarlow, 
so  as  to  find  the  most  convincing  proof  of  the  denudation  of  the  Lower  SOurtaa 
rocks,  even  to  the  extent  of  laying  bare  the  granite  which  lay  beneath  tlien, 
before  the  deposition  of  the  Old  Red  Sandstone,  and  of  the  subsequent  overlap  <rf 
the  Carboniferous  Limestone,  and  its  deposition  on  the  bare  granite  without  the 
intervention  of  any  other  formation,  f  Fig.  91  is  a  diagrammatic  section  taken 

liftoff h  Mai.  ^^jt 
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Pig.  91. 

Bection  from  N.W.  to  S.B.  over  Fret^  Hill,  1200  feet  high. 
8.  Lower  Silurian. 
O.  R.  8.  Old  Red  Sandstone. 
C.  L.  CarboDiferoos  Limestone. 

Freagh  Hill,  a  few  miles  north  of  Thomastown,  in  the  county  of  Kilkenny.  IV 
Lower  SUurian  rocks,  marked  S  S,  were  tilted  and  contorted,  and  a  level  surfue 
formed  by  denudation  across  their  edges,  on  which  the  Old  Red  Sandstone  was 
deposited  unconformably,  with  the  Carboniferous  Limestone  conformably  upon  it 
Subsequent  denudation  has  removed  the  Carboniferous  Limestone  from  all  tiie 
high  ground,  and  also  the  Old  Red  Sandstone,  except  one  or  two  patches  of  it. 

*  See  Sheets  74  N.W.  end  74  N.B.  of  the  Geological  Maps  of  Aagland  and  Wales,  and 
Sheet  160  of  Ireland. 

f  It  is  necessary,  in  order  to  explain  ftdly  the  sa1:(iect  we  are  describing,  to  take  Ibr 
granted  that  the  student  knows  what  the  Carboniferous  Limestone  and  Old  Red  Sandstoae 
are.  He  may  either  refer  to  their  description  as  given  farther  on,  or  return  to  this  chapCai 
at  a  future  period. 
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This  more  recent  denudation  has  re^xposed  in  places  the  old  sniface  of  Lower 
Silnrian  rocks  on  which  the  Old  Red  Sandstone  was  deposited,  but  it  has  even  gone 
beyond  that,  for  the  valley  at  the  south-east  end  of  the  section  has  been  excavated 
in  the  Lower  Silurian  rocks  by  that  subsequent  denudation.  That  valley  did  not 
exist  at  the  tame  the  Old  Red  Sandstone  was  deposited,  otherwise  it  would  have 
been  filled  with  it,  and  some  part,  at  least,  of  it  would  now  remain  there. 


West 


Ccoirte  hitl 


Fig.9i. 
Seetion  IhMB  west  to  east  throogh  Coolroe  bill,  and  across  the  Arrigle  brook,  near  Qlenpipe. 

O.  Oranite. 
8.  Lower  Silurian. 
O.  R.  8.  Old  Red  Sandstone. 

f^%.  92  is  a  diagrammatic  section  taken  a  few  miles  south  of  Thomastown, 
where  the  denudation  that  had  acted  previously  to  the  deposition  of  tiie  Old  Red 
Sandstone  had  laid  bare  a  portion  of  granite.  The  Lower  Silurian  rocks  are 
travosed  by  granite  veins  in  the  neighbourhood,  and  are,  near  the  granite,  altered 
into  mica-schist.  The  Old  Red  Sandstone,  on  the  other  hand,  rests  upon  the 
gimnite  quite  undisturbedly ;  it  is  quite  unaltered  by  that  rock,  and  is  obviously 
made  chiefly  of  granite  sand,  containing  occasionally  even  granite  pebbles,  though 
not  so  many  of  those  as  fragments  of  Uie  slate  rod(S,  when  it  rests  upon  them. 
The  granite  is  now  readily  decomposed  and  easily  crumbles  into  sand,  and  did  so 
apparently  quite  as  easily  at  the  time  the  Old  Red  Sandstone  was  deposited  upon  it 


WeM% 


East 


~UKS 


Fig.  98. 

Section  tnm  west  to  east  in  Connty  Carlow. 
O.  Oianite. 

O.  R.  8.  Old  Red  Sandstone. 
C  L  Carboniferous  Limestone. 

Tig.  93  is  a  diagrammatic  section  representing  the  "  He "  of  the  rocks  in 
Connty  Carlow,  about  15  miles  north  of  Thomastown,  where  Oranite  and  Carbon- 
iftroQs  Limestone  lie  side  by  side,  making  low  gently  undulating  ground,  largely 
covered  with  limestone  gravel,  which  has  been  omitted  in  the  diagram.  The 
Hmestone  dips  gently  from  the  granite,  but  is  quite  unaltered  by  it,  is  not  traversed 
by  any  veins  fh)m  it,  and  was  evidentiy  deposited  in  the  sea  upon  a  bare  floor  of 
grsnito,  just  in  the  same  way  that  beds  might  now  be  deposited  upon  the  bare 
gruiite  if  it  were  again  depressed  beneath  the  sea.  No  Old  Red  Sandstone  appears 
here  from  beneath  the  Carboniferous  Limestone,  as  it  gradually  thins  out  and 
disappears  as  we  proceed  north  from  Thomastown.  As,  however,  it  does  appear 
tgain  a  few  miles  to  the  westward,  some  has  been  introduced  into  the  diagram 
to  suggest  the  probable  mode  of  its  occurrence  in  that  direction. 

Unoonformability  involves  the  Denndation  and  Submergence  of 

Dry  Irfuid. — From  what  has  now  been  said  it  appears  certain  that 

denndation  implies  the  necessity  of  rock  being  lifted  into  dry  land, 
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while  the  deposition  of  an  unconformable  set  of  beds  npon  their  new 
surface  proves  their  subsequent  depression.  It  follows  that  there  must 
have  been  a  considerable  geologiced  interval  between  the  periods  of 
formation  of  sets  of  unconformable  beds,  and  that  we  may  expect  to 
discover  in  some  other  region  the  beds  which  were  deposited  during 
this  interval,  and  perhaps  to  find  there  a  r^ular  conformity  throughout. 

The  existence  of  dry  land  is  often  confirmed  by  some  curious 
independent  evidence,  as  in  the  case  of  the  granite  sand  and  fragments 
scattered  in  the  Carboniferous  limestone  of  Dublin,  the  most  probable 
cause  for  their  occurrence  being  their  transport  in  the  roots  of  plants 
which,  growing  somewhere  on  the  granite  land,  were  eventually  washed 
down  into  the  Carboniferous  Limestone  sea. 

Such  an  apparently  uninteresting  circumstance  as  the  relative  lie 
and  position  of  two  sets  of  rock,  thus  gives  us,  when  it  is  properly 
studied,  a  curious  and  unexpected  history. 

Fraotioal  Importanoe  of  the  Subject. — ^The  practical  importance  of  this 
subject  is  only  just  now  beginning  to  be  appreciated.  Few  persons  hare  any 
idea  of  the  ^^reat  snms  of  money  that  have  been  wasted  in  coal-mining  alone 
from  an  ignorance  of  the  principles  here  expounded.  Even  within  my  own 
personal  experience  I  have  become  aware  of  the  fruitless  expenditure  of  sums, 
which,  if  capitalised,  would  afford  an  income  for  ever  that  would  go  far  to  pay  the 
present  annual  cost  of  H.  M.  Geological  Survey  of  the  United  Kingdom.  Within 
the  last  year  or  two  I  have  heard  of  costly  shafts  being  sunk  in  places  where,  if 
they  ever  pierce  the  Triassic  and  Permian  rocks,  they  will  find  the  Coal-measures 
have  already  been  removed,  and  will  come  do¥m  to  some  formation  that  lies  below 
the  Coal-measures. 

On  the  occasion  of  the  meeting  of  the  British  Association  in  Birmingham,  in  the 
year  1865,  I  gave  an  evening  lecture  on  this  subject,  in  which  I  entered  especially 
on  the  examination  of  the  probable  position  and  extent  of  the  coalfields 
that  lie  buried  beneath  the  New  Bed  Sandstone,  and  Permian  districts  of 
the  British  Islands.  I  took  the  sections  which  have  been  published  by  the 
Qeological  Survey,  and  connected  those  of  North  Staffordshire  and  Derbyshire  with 
those  that  cross  Flintshire  and  Derbyshire,  Shropshire,  South  Staffordshire,  and 
Leicestershire,  and  then  inserted  several  hypothetical  cases  for  the  position  of  the 
Coal-measures,  and  the  lower  palaeozoic  rocks  beneath  the  horizontal  cover  of  the 
Permian  and  Triassic  rocks.  The  result  was  strongly  in  favour  of  the  hypoUiesis 
which  supposes  that  the  Coal-measures  occur  beneaUi  those  formations  in  the  same 
way  that  they  do  where  they  are  not  covered  by  them  ;  not,  that  is  to  say,  in 
great  continuous  sheets,  but  in  isolated  coalfields,  separated  by  spaces  in  which 
lower  rocks  rise  up  to  the  base  of  the  superincumbent  formations.  Any  one  of 
suflScient  knowledge  and  experience,  who  studies  any  good  geological  map  of  the 
British  Islands,  must,  I  think,  arrive  at  this  conclusion,  that  the  surface  formed 
on  the  palaeozoic  rocks  is  of  high  geological  antiquity,  and  that  the  part  c^  it 
which  is  covered  by  newer  formations  does  not  essentiidly  differ  in  character  from 
that  which  is  not  so  covered. 

It  seems  a  perfectiy  legitimate  conclusion  that  the  relations  of  nnconformabiltty 
between  the  older  and  newer  rocks,  which  we  can  prove  to  be  true  in  so  many  places 
throughout  England  where  we  can  see  them,  probably  occu^  in  many  other  places 
where  we  cannot  even  guess  at  them.  I  have  hitherto  hesitated  to  pronounce  a  very 
decided  opinion  on  these  points,  out  of  deference  to  what  appeared  to  be  the  hesitation 
of  my  seniors ;  but  as  I  am  beginning  to  be  entitled  to  assume  the  character  o£  a 
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senior  myself,  I  no  longer  beBitate  to  avow  my  belief  in  the  great  geological  anti- 
quity of  the  general  smface  of  the  Palnozoic  rocks,  and  so  far  to  anticipate  the 
RepOTt  of  the  Royal  Coal  Commission  as  to  declare  the  opinion  announced  at  the 
lecture  in  Birmingham,  that  any  shaft  sunk  through  the  New  Red  Sandstone,  at  a 
distance  from  our  present  coalfields,  has  ojUy  a  chance  of  hitting  a  subterranean 
coalfield,  and  is  at  least  as  likely,  and  in  some  places  much  more  likely,  to  come 
down  on  an  old  eroded  surface  of  some  formation  that  lies  below  the  Coal-measures. 
Doubtless  many  good  workable  coalfields  exist  beneath  the  plain  of  New  Red  Sand* 
stone,  but  the  total  unconformability  between  that  formation  and  all  those  that 
lie  below  it  deprives  us  of  all  clew  as  to  the  position  of  these  coalfields.  The 
depth  at  which  these  may  be  found,  that  is  to  say,  the  total  thickness  of  the 
orerMng  New  Red  Sandstone  and  Permian  formations  which  may  have  to  be 
pierced  before  the  chance  of  reaching  Coal-measures  can  be  attained,  is  put,  by  my 
colleague  Professor  Ramsay,  at  about  5000  feet.  In  this  I  quite  agree  with  him, 
having  long  ago  assigned  a  minimum  thickness  of  3000  feet  as  that  to  be  expected 
to  lie  above  any  workable  coals  in  the  districts  between  the  coalfields  of  the  Mid- 
land Counties.* 

Overlap  is  another  consequence  of  the  elevation  of  rock  into  dry 
knd  and  its  subsequent  depression  beneath  the  sea.  It  has  both  a 
scientific  and  practical  importance,  which  has  hahlly  yet  been  suffi- 
ciently appreciated.  When  thoroughly  understood  and  applied,  it  will, 
perhaps,  explain  many  geological  problems  which  are  now  obscure^ 
and  correct  many  yet  unsuspected  mistaken 

Overlap  occurs  in  a  perfectly  conformable  series  of  beds  when  the 
upper  beds  extend  or  extended  over  a  wider  space  than  the  lower, 
either  in  one  direction  or  on  all  sides.  It  is  obviously  the  result  of  the 
gradual  sinking  of  an  old  land,  and  the  gradual  spread  of  the  sea  over 
its  sloping  shores  and  xmdulating  surface,  so  that  the  sea  area  is  being 
continually,  but  slowly  extended,  and  the  beds  formed  in  that  sea 
correspondingly  expanded.  The  whole  upper  series  wiQ  be  conformable 
in  itself,  but,  as  a  series,  it  will  rest  unconformably  on  the  rocks  below. 

When,  however,  a  mass  of  beds  so  formed  comes  itself  to  be  dislo- 
cated and  eroded,  the  appearances  presented  by  the  rocks  as  they  are 
ultimately  left  may  easily  be  such  as  to  lead  the  observer  to  conclude 
that  there  is  unconformability  among  the  beds  of  the  upper  series. 
This  mistake  may  have  two  origins.  In  the  first  place,  when  the  beds 
of  the  upper  set,  which  rest  directly  on  the  lower  rocks  in  one  place, 
are  not  the  same  beds  which  rest  upon  them  in  another,  it  may  be 
hastily  concluded  that  this  is  due  to  unconformability  among  the  beds 
of  the  upper  set  instead  of  to  overlap.  In  the  second  place,  this 
gradual  depression  of  an  old  land  may  cause  great  changes  in  the  litho- 
logical  characters  of  beds  which  are  really  contemporaneous,  and  equal 
similarity  in  beds  deposited  imder  similar  conditions  at  very  diflferent 
periods.  The  observer,  then,  who  examines  isolated  exposures  of  such 
beds  may  be  readily  induced  to  consider  beds  to  be  contemporaneous 
which  belong  to  very  different  parts  of  a  geological  period,  or  assign 

•  South  staff,  CoaJJMd :  Menwitt  p.  200. 
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different  parts  of  a  period  to  beds  which  were  really  formed  contem- 
poraneously^ or  nearly  so. 

Suppose,  for  instance,  that  when  the  old  land  began  to  sink  beneath  the  sea^ 
gravels  and  coarse  sand  were  formed  upon  its  coasts,  ultimately  compacted  into 
conglomerates  and  sandstones.  As  tiie  depression  continued  and  the  coast  receded, 
and  the  water  over  these  beds  deepened,  gravel  and  sand  might  no  longer  be  de- 
posited there,  but  fine  mud  perhaps,  or  possibly  hosts  of  marine  animals  mi^t 
grow  and  live  there,  and  limestone  be  formed.  A  great  thickness  of  such  deposits 
might  eventually  be  accumulated  over  these  sandstones  and  conglomerates  which 
were  formed  originally  close  to  a  beach.  But  during  all  this  period  of  depreasioo, 
the  land,  although  sinking,  might  not  be  all  sunk  ;  the  coasts  would  have  receded, 
but  sands  and  gravels  might  sUll  be  forming  on  the  new  shores  identical  in  cbaiao- 
ter  ¥rith  those  produced  on  the  old  ones.  These  sandstones  and  conglomerates,  how- 
ever, although  precisely  like  the  first,  and  ultimately  covered  perhaps  like  them 
with  precisely  similar  shales  and  limestones,  would  yet  not  be  the  same  beds  as  the 
first,  or  contemporaneous  with  them.  The  first  formed  beds  would  lie  at  the 
bottom  of  the  whole  series,  but  the  last  formed  beds — those  produced  on  the  last 
bit  of  coast  remaining  perhaps — might  be  near  the  top  of  the  series.  Neverthe- 
less, when  this  series  of  beds  came  itself  to  be  elevated  into  land,  tilted,  contorted, 
fractured,  and  denuded,  and  distant  portions  of  it  only  left  for  our  examination, 
geologists  who  were  not  on  their  guard  might  easily  suppose  a  sucoessioii  of 
sandstones,  shales,  and  limestones,  of  precisely  the  same  characters,  occurring 
always  in  the  same  order,  and  certainly  belonging  to  the  same  formation,  to  be 
separate  parts  of  the  same  identical  beds. 

Such  a  mistake,  perhaps,  would  never  be  corrected  until  the  whole  country 
came  to  be  examined,  not  only  in  a  detailed,  but  an  exhaustive  manner,  by  the 
help  of  maps  on  a  sufficiently  lai^e  scale  to  enable  the  geologist  to  mai^  on  them 
the  actual  facts,  and  not  merely  Ms  deductions  from  those  facts.* 

In  this  chapter  much  has  unavoidably  been  alluded  to  which  the 
reader  has  not  yet  had  explained  to  him.  The  questions  of  uncon- 
formability  and  overlap  are  so  intimately  linked  with  that  of  denudation, 
that  they  require  to  be  studied  together.  It  is  firom  imconformability 
that  we  derive  some  of  our  most  vivid  notions  of  what  may  be  effected 
in  the  process  of  denudation.  The  various  geological  agencies  con- 
cerned in  that  process  will  come  before  us  in  the  next  section,  and  we 
shall  again  have  to  refer  to  the  subjects  discussed  in  the  present 
chapter,  and  to  give  illustrations  of  the  great  geological  problems 
involved  in  unconformability,  overlap,  and  denudation. 

*  The  six-inch  maps,  employed  ttom  the  first  by  the  Geological  Survey  in  Ireland  and 
Scotland,  allowed  of  this  being  done,  and  such  maps  are  now  supplied  for  the  north  of  Eng- 
land. The  survey  of  Wales  and  the  sootheni  part  of  England  had  to  be  nndertakea 
without  this  advantage,  and  its  authority  must  be  proportionately  inferior.  I  hope  ray 
colleagues  will  pardon  this  expression  when  I  say  that  I  am  even  painftiUy  oonacioas  of  its 
application  to  my  own  work.  Hard  as  we  worked  in  North  Wales,  minutely  as  I  eodea- 
vonred  to  gather  details  of  facts  in  the  South  StafTordshire  coalfield,  one's  memory  and  one's 
note-book,  aided  as  they  were  by  the  one-inch  map,  without  which  we  could  hare  done 
nothing,  are  yet  but  a  poor  subetitute  for  the  sheets  of  the  Bix>inch  map  on  which  tlM 
actual  data  can  be  depicted  precisely  as  they  were  observed,  unobscnred  by  any  aoggeated 
lines  of  boundary  or  hastily  drawn  inferences,  which  as  often  hindered  as  they  helped  tbt 
true  result  being  arrived  at.  The  geological  survey  of  Wales  and  the  south  of  Kngland  must 
be  recommenced  when  the  six-inch  Ordnance  maps  of  those  countries  C(»ne  to  be  publiabed. 


CHAPTER  XII. 

THE  ORANITIO  OB  HTPOGENOUS  BOCKS  VIEWED  AS  BOCK-MASSES. 

Is  the  previoas  chapters  we  have  examined  chieflj  the  petrological  rela- 
tions of  the  Aqueous  Rocks :  we  have  now  to  examine  those  of  the 
Igneoos  class.  The  different  kinds  of  igneous  rocks  have  been  described 
under  the  head  of  Lithology,  and  it  was  shown  that  these  differences 
partly  depended  on  the  difference  of  their  chemical  composition,  and 
portlf  on  the  difference  of  structure  and  texture  resulting  from  the 
physical  circumstances — as  pressure  and  rate  of  cooling — ^imder  which 
their  consolidation  took  place.  The  Qranitic  rocks  cooled  slowly,  and 
under  great  pressure,  at  some  considerable  depth  in  the  interior  of  the 
cmst  of  the  globe.  The  Volcanic  rocks,  on  the  other  hand,  were  con- 
solidated at  the  surface,  while  the  intermediate  and  variable  class,  which 
we  have  called  Trappean,  have  been  solidified  sometimes  at  the  surface 
and  sometimes  at  a  greater  or  less  depth  beneath  it. 

In  the  present  chapter  we  shall  consider  how  the  granitic  series 
occurs  in  rock-masses,  and  forms  in  this  way  an  important  constituent 
of  the  earth's  crust  In  the  succeeding  chapter  we  shall  treat  of  the 
trap-rocks.  The  volcanic  series,  in  accordance  with  the  plan  hitherto 
pursued  in  this  work,  will  be  discussed  in  the  next  part,  under  the 
head  of  Qeological  Agencies. 

Fundamental  or  Frimeral  Ghranite. — ^The  idea  which  formerly  pre- 
vailed among  geologists  was,  that  the  granite,  which  now  appears  at  the 
surface,  is  part  of  a  primitive  or  primeval  rock,  forming  a  fundamental 
mass  at  the  base  of  all  other  formations.  Werner  held  that  it  was  the 
first  rock  crystallised  from  an  original  menstruum,  and  that  it  was  fol- 
lowed by  a  crystalline  precipitation  first  of  gneiss  and  then  of  mica-schist. 
When,  however,  the  igneous  origin  of  granite  came  to  be  recognised, 
as  proved  by  Button  and  his  followers,  the  idea  was  modified  into  that 
of  granite  being  the  rock  first  formed  on  the  cooling  of  the  external 
coat  of  the  molten  globe.  The  ghosts  of  these  ideas  still  linger 
among  us. 

If  we  admit  the  idea  of  our  earth  having  been  originally  a  molten 
globe  as  a  probable  one,  it  seems  hardly  possible  to  suppose  that  the 
rock  first  formed  on  its  cooling  surfiace  would  be  one  like  granite.  Even 
if  it  contained  predsely  the  constituents  of  granite,  it  would  seem  more 
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likely,  on  the  first  cooling  of  its  surfjEU^,  to  form  scoriaceoos  trachyte, 
obsidian,  or  pumice.  There  is  no  instance  known,  so  far  as  the 
author  is  aware,  of  any  igneous  rock  which  can  be  shown  to  have  been 
consolidated  at  or  near  the  surface  forming  such  a  solidly  crystalline 
mass  as  granite.  Even  the  porphyritic  trachyte,  which  most  resembles 
it,  has  always  been  denuded  of  a  very  considerable  cover,  as  in  the  case 
of  the  Mont  Dor,  and  can  always  be  distinguished  from  granite  by  the 
form  of  its  crystals  and  the  pores  and  quasi  scoriaceous  cavities  which 
are  dispersed  through  it. 

We  may  take  it  for  granted,  then,  that  all  true  granite,  whether  it 
be  formed  by  the  cooling  of  an  independent  igneous  mass,  or  by  that  of 
a  mass  molten  in  situ,  was  consolidated  at  a  great  depth  beneath  the 
surface,  and  therefore  very  slowly  and  under  great  pressure.  That  large 
areas  of  such  deeply-formed  masses  now  appear  at  the  surface  can  be  no 
difficulty  to  us  after  what  we  have  seen  of  the  action  of  denudation  in 
the  last  chapter.  There  is,  however,  this  much  truth  in  the  fundamental 
character  of  granite,  that  we  know  of  no  great  mass  of  any  kind  of  rock 
appearing  from  underneath  any  considerable  mass  of  granite.*'  We 
have  no  reason  to  suppose  that  if  we  began  to  bore  in  any  such  mase 
we  should  ever  pierce  another  kind  of  rock,  even  if  it  were  possible 
to  continue  our  operations  till  we  came  down  to  yet  molten  rock, 
which,  as  far  as  we  can  guess,  would  most  likely  be  still  unconsolidated 
granite.  Still  it  does  not  follow  from  this  that  the  rocks  which  we  find 
anywhere  resting  upon  any  mass  of  granite  are  the  lowest  or  oldest  of 
rocks,  or  that  they  pass  tmder  all  other  rocks  except  the  granite.  In 
many  cases  where  true  granite  appears  at  the  surface  it  can  be  shown 
to  have  come  through  a  great  thickness  of  stratified  rocks  which  most 
therefore  have  been  in  existence  before  it,  or  are  older  than  die 
consolidation  of  the  granite.  It  can  also  be  shown  that  different  masses 
of  granite  were  brought  into  the  place  they  now  occupy,  and  con- 
solidated at  very  different  geological  periods.  They  not  only  pene- 
trate very  different  formations,  but  the  granite  which  penetrates  one 
formation  was  not  only  consolidated  but  denuded  before  the  deposition 
of  another  formation,  which  is  itself  in  other  places  penetrated  by 
granite.f 

Position  and  Form  of  Granite. — The  position  and  mode  of  occur- 
rence usually  assigned  to  granite  by  the  older  geologists  was  something 

*  The  only  fact  that  could  be 'taken  as  an  indication  of  snch  an  occurrence  is  titt 
appearance  of  veins  and  dykes  of  greenstone  traversing  granite,  as  in  the  countiy  near 
Newry. 

t  The  different  theories  in  the  formation  of  granite  are  discussed  by  Dr.  Han^ton  in 
Appendix  B  to  the  1st  Lecture  of  his  Manoal.  He  well  says :— "  The  evidence  of  the  geok>- 
gists  has  been  collected  in  the  field,  and  though  it  is  wanting  in  the  scientific  precision  whidi 
the  chemists  have  called  to  their  aid,  yet  it  possesses  a  force  which  all  the  arguments  o&  tbt 
other  side  have  as  yet  failed  to  oppose." 
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like  that  in  the  following  diagram.     It  was  taken  for  granted  that  this 


Fig.  H. 
Supposed  position  of  granite. 
G  is  »  mass  of  Granite  fonning  the  axis  of  a  range,  and  1,  2,  3  are  the  stratified  rocks 
dipping  fh>m  it  in  eaoh  direction,  the  lowest  or  oldest.  No.  1,  being  next  to  the  granite,  and 
the  hi^est  or  newest.  No.  8,  the  farthest  fh>m  it. 

rock  acted  as  the  motive  power  in  elevating  and  tilting  other  rocks,  and 
formed  the  axis  of  mountain  chains,  with  the  lowest  formation  resting 
against  it  on  each  side^  and  a  regular  upward  succession  as  we 
proceeded  from  it  The  occasional  appearance  of  granite  masses  in 
the  centre  of  mountain  chains,  where  not  only  the  uptilting  action 
had  been  greatest,  but  the  denudation  also,  favoured  this  view.  It 
seemed  to  be  further  confirmed  by  the  fact  that  gneissose  rocks  often 
occuired  next  the  granite,  and  that  the  metamorphism  of  the  rocks 
faded  away  as  they  receded  from  the  granite,  it  being  assumed  that 
gneiss  was  older  than  mica-schist,  and  mica-schist  than  clay-slate. 
These  assumptions  obviously  saved  the  labour  of  the  minute  observa- 
tion of  the  differences  between  stratification,  cleavage,  and  foliation,  in 
remote  and  diificult  districts.  Neither  would  any  labour  have  given 
adequate  results  without  sufficiently  large  and  accurate  maps  on  which 
to  record  the  observations  as  they  were  made.* 

There  seems  to  be  little  doubt  that  although  granite  may  in  certain 
instances  assume  the  position  suggested  in  Fig.  94,  it  is  by  no  means  a 
necessary  mode  of  occurrence,  nor,  as  a  matter  of  fact,  does  it  often  occur. 
We  can  hardly  take  better  examples  of  the  mode  of  occurrence  of  true 
granite  than  those  of  Leinster  in  Ireland,  and  those  of  Devon  and  Corn- 
wall in  England. 

Iieinster  Granite. — The  granitic  district  in  the  south-east  of  Ireland,  ex- 
tending from  Dublin  Bay  to  near  New  Boss  in  County  Wexford,  is  the  largest 
flurfiace  exposure  of  granite  in  the  British  Islands,  being  70  miles  long  and  from  7  to 

*  We  are  in  fact  on!  j  just  now  beginning  to  feel  oar  way  to  true  conclusions  in  this  part 
of  geologj,  and  even  with  the  staff  and  the  maps  of  H.M.  Geological  Survey  I  can  only  look 
forward  to  the  completion  of  such  a  preliminary  statement  and  delineation  of  facts  as  ahaU 
lay  down  a  Ctir  basis  for  the  inresUgations  ot  our  successors  in  the  next  generation. — See  the 
note  at  foot  of  p.  238. 
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17  miles  wide.  There  were  in  this  district  at  least  two  great  geological  foniui- 
tions,  each  consisting  of  shales  or  slates  and  sandstones,  and  each  sereral  thousand 
feet  thick,  at  the  time  of  the  intrusion  of  this  granite.  These  two  formations  are 
known  as  the  Cambrian,  which  is  the  lowest  or  oldest,  and  the  Lower  or  Cambro- 
Silurian,  which  rests  in  some  places  unconformably  upon  the  Cambrian.  Nov  in 
no  instance  is  any  part  of  the  lowest  or  Cambrian  formation  found  reposing  on  or 
coming  against  the  granite,  though  it  comes  to  the  surface  in  some  places  within 
two  or  three  miles  of  the  granite,  as  shown  in  the  section  (Fig.  95).    The  Lower 
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Fig.  95. 
Section  across  Douce  Mountain,  County  Wicklow. 

a.  Cambrian.  B.  Silurian  altered  into  raiea-scbist. 

b.  Silurian.  O.  Granite. 

Silurian  rocks,  however,  have  been  broken  into  by  the  granite,  and  p^ietrated  by 
granite  veins,  and  we  are  compelled  to  suppose,  therefore,  that  the  granite  must 
have  passed  through  the  Cambrian  rock  below.  The  direction  of  the  length  of  the 
granite  exposure  is  about  N.E.  by  N.,  while  that  of  the  strike  of  the  adjacent 
slates  is  more  nearly  N.E.,  or  even  E.N.E.,  which  is  the  mean  strike  of  their 
cleavage.  It  is  remarkable  that,  although  the  slates  immediately  on  the  flanks  of 
the  granite  ridge  often  dip  from  it  at  low  angles,  the  dip  generally  increases 
rapidly  as  we  recede  from  the  granite,  the  slates  sometimes  becoming  vertical,  or 
even  dipping  towards  the  granite,  as  indicated  in  Fig.  95. 

It  is  very  difficult  to  come  to  any  decided  conclusion  as  to  the  connection  be- 
tween the  intrusion  of  the  granite  and  the  disturbed  position  of  the  adjacent 
rocks.  It  is  clear  that  the  granite  did  not  exercise  any  general  elevatory  action 
on  the  rocks  about  it,  or  the  granite  area  would  now  be  surrounded  by  concenbic 
belts  of  rock,  the  lowest  of  which  would  be  next  the  granite,  and  the  others  newer 
or  higher  as  we  receded  from  it.  The  granite  seems,  as  it  were,  to  have  eaten  its 
way  upwards  through  whatever  lay  above  it,  penetrating  it  slowly  and  gradually 
in  a  very  irregular  manner,  sending  numerous  and  variously  reticulated  veins  into 
it  of  very  various  dimensions  and  extent,  and  probably  absorbing  much  oi  the 
rocks  above  it  into  its  own  mass  as  it  rose.  That  these  masses  had  been  disturbed 
and  tilted  before  the  intrusion  of  the  granite  seems  to  be  indicated  by  the  way  in 
which  lai*ge  masses  of  them  dip  down  into  the  granite  and  end  suddenly  against 
its  irregular  surface.  Though  it  is  of  course  possible  that  this  tilting  of  the  beds 
accompanied  the  intrusion  of  the  granite,  my  0¥m  observations  have  produced  the 
other  impression  on  my  mind. 

It  is  certainly  true  that  the  masses  of  mica-schist  on  the  flanks  of  the  gruiite 
range  generally  dip  from  its  centre  on  each  side.  Dr.  Oldham's  sections  acroM 
Lugnaquilla,  however,  show  the  mica-schist  there  to  be  horizontal  towards  the 
summit  of  the  hill,  which  is  about  the  centre  of  the  granite  ridge,  and  to  be,  as  it 
were,  interstratified  with  horizontal  vein-like  belts  of  granite ;  while  on  the 
flanks  of  the  ridge  the  mica-slates  dip  at  a  high  angle  from  the  central  ridge,  and 
are  a  good  deal  contorted,  but  the  beds  terminate  downwards  against  a  genend 
irregular  surface  of  granite.  In  these  delineations  of  the  relationa  of  the  rocks  I 
have  no  doubt  of  the  correctness  of  my  distinguished  predecessor's  ideas.  In  some 
places,  at  a  distance  of  a  mile  or  so  from  the  granite  exposure,  the  slate  becomes 
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Terticil,  or  dips  M  a  high  injls  towards  the  gisniteeipoBiue.  On  the  eaateni  flank 
of  the  gruut«  hilli  the  dip  of  the  mioR-achUt  or  day-slato  seenig  to  be  gsLerally 
le&a  than  on  the  weatera,  and  the  snbterraoean  gnrfacs  of  the  granite  appear*  not 
to  dusctuid  BO  rapidl;  into  the  earth  on  the  eaatam  as  it  does  on  the  weetem  flank, 
lince  imat]  bosses  of  granite  are  exposed  at  intervala  araong  the  slstea  at  the 
present  surface  of  the  groond  between  the  main  granite  chain  and  the  sea-coast. 

It  aeemH  to  my  mind  almost  certain  that  the  whole  of  Wicklow  and  Weifotd 
1>  underlaid  by  a  continuous  mass  of  granite  with  a  very  irregnlar  surface,  and 
that  the  fonu  of  the  granite  surface  has  little  or  no  connection  with  the  position 
of  the  beds  above  either  in  dip  or  strike.  Neither  has  the  intrusion  of  the  granite 
had  any  direct  connection  with  the  occurrence  of  tlie  trappean  rocks,  either  fel- 
stoDea  or  greenstones.  Those  traps,  whether  they  are  contemporaneoua  or  intra- 
aive— that  is,  whether  they  were  erupted  to  the  aurface  during  the  depoaiUon 
of  the  al^ea,  or  thruat  in  amouf;  them  afterwards — were  all  in  the  elates  before 
the  intrusion  of  the  granite.  Not  so  with  the  "  Elvans  "  (veins  of  qnaitioaa  por- 
phyry), however,  and  other  granitjc  veins,  many  of  which  certainly  are  of  an 
origin  oontemporaneous  with,  or  aubseqnent  to,  the  granite. 

The  wide  spread  of  the  granite  area  beneath  the  variously  tilled  and  contorted 
cover  of  the  slate  rocks  is  also  rendered  probable  by  the  narrowing  of  the  eipoann 
of  the  granite  where  the  present  surface  rises  into  mountains,  and  ita  comparative 
width  in  the  lower  gronads.  In  the  low  ground  in  the  northern  part  of  County 
Carbw,  to  the  northward  of  Tullow,  the  granite  area  ia  17  miles  wide,  and  its 
central  portions  are  entirely  free  from  belts  or  patches  of  mioa-achist.  As  the 
ground  risea  on  the  northward,  however.  Into  Li^naquilla  (3040  feet),  or  on  the 
southward  into  Mount  Leinater  (ZSIO),  the  width  of  the  surface  of  exposure  of 
gnoite  is  contracted  to  G  or  6  miles,  and  the  higher  grounds  are  patched  with 
bands  and  roundish  spaces  of  mica-achist  Had  a  cover  of  an  additional  thousand 
feet  or  so  bean  left  over  those  hills,  the  granite  would  have  been  alt«gether  con- 
cealed by  the  mica-schist  The  width  of  the  low  granite  area,  on  the  other 
hand,  ia  dne  to  the  removal  of  some  2000  feet  of  cover  which  formerly  connected 
the  hills  of  Lugnaquilla  with  those  of  Uount  Leinster.  These  ideas  as  to  the 
mode  of  occurrence  of  the  Wicklow  granites  may  be  illustrated  in  a  rough  and 
general  way  by  the  following  dii^rara  : — 


F1«.M. 

Ideal  McttoB  reprsaenting  the  retatlons  bstween  6,  a  granite  mass,  and  S,  s  iuperin- 

csmbent  mass  of  ilate-rock,  ttie  tigag  lines  being  Intended  to  mark  the  put  nietaniDii>hos«d 

hito  mioB-scblat,  the  lines  a  b,  and  c  d,  etc.,  representing  different  surfaces  formed  by 

denudation. 

It  is  here  supposed  that  the  masa  of  alate-rock  marked  S  S  waa  penetrated  by 
the  granite  mass  marked  Q  Q.  The  contortions  in  the  slate-rocka  were  probably 
of  pnviona  date,  but  if  their  production  accompanied  the  intrusion  of  the  granite 
then  was  no  nec«uary  eorreapoudence  between  the  oatliue  of  the  granite  surface  and 
the  dip  of  the  slates.  The  zigzag  lines  are  intended  to  represent  the  extent  to  which 
metamorphism  affected  the  alatea,  and  died  away  as  it  receded  from  the  granite. 
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The  horizontal  lines  ah^  e  d,  ef,  represent  the  dilTerent  snrfaces  produced  on  the 
rocks  by  denudation.  These  would  of  course  never  be  really  horizontal,  but  would 
tindulate  in  various  directions.  As  the  fig^ure,  however,  is  only  a  diagx«m,  and  as 
the  true  form  of  these  surfaces  would  vary  indefinitely  and  continuously,  we  may 
as  well  suppose  them  to  have  been  horizontal  as  imagine  any  other  forms  for  them. 
So  long  as  the  surface  was  represented  by  a  b,  there  would  be  no  appearance  of 
granite.  There  would,  however,  be  an  indication  of  its  existence  below,  as  in  ooe 
part  some  of  the  metamorphosed  rock  reaches  that  surface.  When  the  surface  was 
worn  down  to  e  d,  the  exposed  metamorphic  area  would  be  wider,  and  a  granite 
vein  would  appear  here  and  there.  These  would  be  still  more  numerous  and 
larger  on  the  surface  e  /,  while  that  represented  by  ^  A,  would  expose  some 
width  of  the  granite  mass ;  this  would  be  wider  when  the  surface  ij  was  exposed, 
and  grow  still  wider  on  Uiose  represented  by  the  lines  k  2,  and  m  n.  Now  the 
surface  represented  by  ^  A  would  show  precisely  the  state  of  things  represented 
in  Dr.  Oldham's  sections  across  Lugnaquilla,  while  the  surfaces  i  /,  or  A  2,  would 
represent  the  section  across  the  low  lands  of  County  Carlow,  where  the  valley  of 
the  Slaney  crosses  the  granite  area.  This  explanation  of  the  facts  shown  by  the 
Leinster  granite  must  be  obvious  to  any  one  who  walks  through  the  country 
with  the  maps  and  sections  of  the  Geological  Survey  in  his  hand.  It  ex* 
plains  also  tiie  fact,  that  a  partially  metamorphosed  area  occurs  here  and 
there  occasionally  in  the  lower  slatei  country,  wil^out  any  exposure  of  granite, 
though  a  subterranean  boss  of  it  doubtless  rises  towards  the  surfeuie  at  that  place. 
It  also  explains  the  variations  in  the  width  of  the  metamorphosed  belt  tiiat  sur- 
rounds the  granite  of  the  main  chain,  and  that  of  the  outl3ring  bosses ;  that  vanation 
in  width  depends  on  the  various  inclination  of  the  granite  surface  below.  Where 
the  granite  sinks  slowly  the  metamorphic  band  is  wide,  where  it  goes  down  at  a 
rapid  slope  the  surface  outcrop  of  the  metamorphic  belt  is  narrowed  accordingly. 

Granite  of  Devon  and  OomwalL — Although  I  have  not  seen  much  of  Qiese 
granites,  yet  the  little  which  I  have  seen,  taken  together  with  the  study  of  published 
maps  and  descriptions,  especially  those  of  Sir  H.  de  la  Beche,*  convinces  me  that 
the  same  general  reasoning  applies  to  them  as  to  those  of  Leinster.  The  granitic 
exposures  of  Dartmoor,  and  the  other  masses  which  rise  to  the  present  surface  in 
Devon  and  Cornwall,  are  merely  the  irregular  knobs  of  a  connected  mass  below. 
The  slates  dip  on  to  and  end  against  this  mass,  the  irregular  form  of  whose  surface 
has  very  little  connection  with  the  position  of  the  beds  of  the  country.  Those 
beds  may  be  **  dog-eared,"  as  it  were,  for  half-a-mile  or  so  on  the  immediate  flanks 
of  the  granite  bosses,  and  metamorphosed  here  and  there,  of  course  to  a  greater 
or  less  extent  according  to  circumstances.  The  general  strike  of  the  rocks,  how- 
ever, in  the  district  between  the  granite  bosses,  is  not  affected  by  their  occurrence. 
The  granite  bosses  are  not  surrounded  by  concentric  belts  of  rock,  the  lowest  the 
nearest  to  the  granite,  and  so  on.  The  granite  penetrates  the  Coal-measnree, 
and  behaves  to  them  precisely  in  the  same  way  as  it  does  to  the  Devonian  slat^  ; 
and  the  relations  of  the  older  igneous  rocks  in  the  Devonian  slates  to  the  newer 
granite,  and  of  the  still  newer  Elvans  to  both,  seem  to  be  precisely  similar  to 
those  of  the  corresponding  rocks  in  Leinster. 

Nevertheless,  it  can  easily  be  shown  that  the  time  of  the  intrusion  of  the 
granites  of  Cornwall  and  Devon  is  much  more  modem  than  that  of  the  granite  of 
Leinster.  The  formations  called  Old  Red  Sandstone  and  Carboniferous  Limestone 
were  deposited  on  the  bared  surface  of  the  Leinster  granite,  and  contain  fragments 

*  It  is  perhaps  advisable  to  mention  that  the  maps  of  the  West  of  Enghmd,  publ^ed  as 
those  of  the  Geological  Survey,  were  not  executed  by  the  Sorvey,  as  at  present  constitated. 
Sir  H.  T.  de  la  Beche  chiefly  executed  them  himself,  with  the  assistance  of  fHenda,  working 
en  ama^ur,  at  his  own  cost.  They  were  engraved  and  coloured  at  the  expense  of  the  public, 
and  made  the  basis  of  the  Government  Survey  which  is  now  going  on. 
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of  it ;  while  the  granites  of  Devon  and  Cornwall  penetrate  the  formation  called  the 
Coal-measures,  which  is  more  modem  than  the  Carboniferous  limestone. 

The  entire  want  of  conformity  between  the  irregular  outline  of  the  surface  of 
the  granite  and  the  position  of  the  aqueous  and  metamorphic  slates  about  it  has, 
I  beUeve,  been  the  origin  of  much  scientific  and  some  practical  misapprehension. 
Mr.  Cnrwen  Salmon  was  kind  enough  to  send  me  some  time  ago  an  instance  of  the 
latter  from  one  of  the  Cornish  mines,  where,  trusting  to  the  apparent  dip  of  the 
slates,  a  shaft  was  sunk,  which  was  expected  to  be  wholly  in  the  slate,  but  which 
unexpectedly  came  down  on  a  subterranean  mound  of  granite.  The  student  will 
do  well  to  recollect  that  it  is  quite  possible  for  beds  to  dip  directly  at  and  into  a 
mass  of  granite. 

Granites  of  Ulster. — From  the  descriptions  of  Dr.  Haughton  and  others,  it 
appears  that  the  green  siliceous  Silurian  slates  that  come  in  contact  with  the  Ulster 
granites  are  not  at  all  metamorphosed  by  them.  Their  purely  siliceous  character 
probably  renders  them  unalterable  by  mere  heat.  Where,  however,  the  granites 
penetrate  the  Carboniferous  limestone,  it  appears  that  they  are  converted  into  a 
greenstone  (or  syenite,  according  to  the  German  nomenclature  adopted  by  Dr. 
Haughton),  containing  anorthite  (a  lime  felspar)  and  hornblende. 

Oranite  of  the  Pyrenees. — ^A  recent  visit  to  Cauterets  in  the  Pyrenees 
showed  me  that  the  mass  of  granite  there  was  intrusive,  with  only  one  felspar.  The 
rock  cuts  through  and  sends  short  veins  into  the  black  slaty  rocks  about  it ;  but 
when  those  are  very  arenaceous  scarcely  alters  them  at  alL  Near  Cauterets  the 
presence  of  the  granite  would  not  even  be  suspected  if  the  examination  of  the  slate- 
rocks  were  arrested  at  ten  yards  before  coming  to  the  granite,  while  the  instant  the 
granite  is  reached  it  has  exactly  the  character  which  it  retains  for  some  miles,  both 
on  the  summits  of  the  hills  and  in  the  bottoms  of  the  deepest  valleys  and  ravines. 

Oranite  more  likely  to  be  associated  with  Older  than  Newer 
Bocks,  from  its  source  being  in  Interior  of  Earth. — It  is  doubtless  true 
that  granite  is  found  more  frequently  associated  with  the  older  rocks 
than  with  the  newer  ;  in  other  words,  with  the  lower  rather  than  the 
higher  rocks.  The  reason  of  this,  however,  is  clearly  that  the  very 
source  of  granite  is  in  the  interior  of  the  earth.  Oranite,  in  order  to 
Teach  the  higher,  must  pass  through  whatever  lower  rocks  there  may  be 
in  the  way.  Many  injections  of  granite  may  have  proceeded  a  certain 
distance  from  the  interior,  penetrating  only  the  lower  rocks  ;  but  none 
can  have  reached  the  upper  without  traversing  those  below  them. 
That  granite  should  be  most  fr^uently  associated  with  the  lowest  rocks 
follows,  too,  from  the  very  nature  of  granite.  We  can  hardly  imagine 
that  molten  rock,  which  reached  or  came  near  to  the  surface,  would, 
on  consolidating,  form  granite,  but  rather  some  other  kind  of  igneous 
rock — a  felstone  trap,  or  a  trachytic  lava,  as  the  case  might  be. 

Another  reason  why  granite  is  found  principally  in  connection  with 
rocks  that  have  formerly  been  deep-seated  might  be  adduced,  and  that 
is,  that  all  granite  now  found  at  the  surface  ought,  if  the  views  here 
advocated  are  correct,  to  be  there  in  consequence  of  vast  denudation 
having  taken  place.  This  denudation  would  expose  the  lower  rock  to 
view,  while  the  parts  of  the  higher  rocks  that  were  perhaps  equally 
penetrated  by  the  granite  would  be  removed ;  the  other  parts  which 
remain  being  now  at  a  distance  horn,  the  granite,  and  showing  no  signs 
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of  sncli  penetration.  It  is  where  the  lowest  or  oldest  rocks  come  np  to 
the  surface  that  we  should  expect  most  frequently  to  meet  with  granite, 
and  this  we  find  to  be  the  case. 

ICetamorphio  Granite. — ^An  idea  seems  to  have  sprung  up  in 
the  minds  of  some  geologists  that  all  granite  is  of  metamorphic  rather 
than  of  original  igneous  origin.  Though  imable  to  entertain  such  a 
notion  with  regard  to  the  granitic  masses  of  Leinster,  and  still  less  of 
Ulster,  in  Ireland,  or  Devon  and  Cornwall  in  England,  and  other  places, 
where  the  granite  occurs  in  large  independent  masses,  surrounded  bj  a 
mere  film  of  metamorphic  schists,  or,  as  in  Ulster,  hy  none  at  all,  I 
am  by  no  means  inclined  to  deny  that  there  are,  in  highly  meta- 
morphosed districts,  masses  of  rock,  to  which  it  would  be  difi&cult  to 
give  any  other  name  than  that  of  granite,  which  are  nevertheless  of 
wholly  metamorphic  origin.  If  we  trace  back  all  sands  and  clays  to 
their  origin,  we  are  compelled  at  last  to  derive  them  from  the  waste  of 
some  igneous  rock.  Some  of  them,  at  all  events,  must  be  derived 
originally  from  the  waste  of  some  granite  or  granitic  rock.  If  not, 
from  what  other  source  are  we  to  seek  for  them  ?  Before  any  sand- 
stone or  day  could  exist  on  the  globe,  there  must  have  been  some 
primitive  rocks  containing  quartz  and  felspar,  and  apparenUy  mica,  for 
the  very  oldest  unaltered  rocks  contain  micaceous  spangles, — worn  chips 
of  some  original  crystals  of  mica.  This,  it  will  be  observed,  is  a  very 
dififerent  thing  from  saying  that  any  granite  now  visible  to  us  is  part  of 
that  primitive  rock.  It  is  quite  conceivable  that  all  those  primitive 
rocks  may  have  been  destroyed  or  altered  long  ago,  and  that,  tiierefore, 
they  not  only  cannot  be  found,  but  do  not  exist 

But  if  any  masses  of  sandstone  and  clay  derived  from  the  waste  of 
a  granite  rock  retain  their  original  constituents  in  the  proper  propor- 
tions, and  are  afterwards  brought  under  such  conditions  as  would  induce 
them  to  crystallise  again  into  felspar,  mica,  and  quartz,  they  would  be 
brought  back  into  the  form  of  granite.  If  this  occurred  at  any  great 
depth,  and  the  materials  passed  through  a  state  at  all  approaching 
fusion,  masses  and  veins  of  that  re-fused  granitic  material  might  easily 
be  injected  among  the  surrounding  rocks,  and  all  the  local  phenomena 
attending  the  intrusion  of  originally  formed  granite  might  be  imitated. 

Whenever,  therefore,  granite  occurs  in  a  widely  and  highly  meta- 
morphosed district,  I  should  be  quite  ready  to  treat  it  with  great 
suspicion,  and  look  upon  it  as  possibly  a  metamorphic  rock.  Such 
suspicion  naturally  arises  when  we  find  th%  granitic  character  extending 
outwards  into  the  metamorphosed  rocks,  or  in  other  words,  when  we 
trace  a  gradual  increase  of  metamorphism  as  we  approach  the  granite, 
and  at  last  pass  without  violent  transition  into  that  rock.  Yet,  even  in 
a  regular  intrusive  granite,  a  kind  of  reaction  of  the  different  substances 
it  meets  with  may  be  distinctiy  traceable  for  a  certain  distance  into  the 
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mass  of  the  granite  itself  Dr.  Boajse,  for  instance,*  in  speaking  of 
their  mutual  influence  on  each  other,  says  that  when  the  granite  is 
schorlaceous,  the  slate  adjacent  to  it  is  also  combined  with  schorl. 

Nevertheless,  while  such  interblending  of  mineral  characters  takes 
place  between  granite  and  its  surrounding  strata  in  cases  where  the 
granite  is  held  to  be  of  igneous  origin,  there  are  instances  where  it 
occurs  on  such  a  wide  scale,  and  where  the  gradation  from  unaltered 
rocks  into  granite  is  so  gradual,  that  we  can  hardly  escape  the  conviction 
that  this  granite  really  represents  a  mass  of  strata  in  a  state  of  complete 
metamorphism.  An  excellent  illustration  of  this  feature  occurs  in 
County  Qalway.  The  recent  work  of  the  Geological  Survey  in  that 
r^;ion,  carried  on  by  Mr.  G.  H.  Kinahan  and  his  junior  colleagues,  has 
shown  that  two  kinds  of  granite  are  largely  developed  there.  Of  these, 
one  is  of  intrusive  character,  sending  veins  into  the  adjacent  rocks,  and 
containing  one  kind  of  felspar  only  (viz.  orthoclase),  while  the  other  con- 
tains two  felspars  (oligoclase  as  well  as  orthoclase),  the  orthoclase  often 
occurring  in.  large  pink  crystals,  giving  a  porphyritic  character  to  the 
rock.  Where  the  junction  of  this  porphyritic  granite  with  the  meta- 
morphic  rocks  can  be  clearly  seen,  it  is  often  to  be  observed  that  the 
granite  passes  insensibly  into  the  surroimding  gneiss.  This  is  caused 
by  the  flakes  of  mica  assuming  gradually  a  parallelism  in  the  rock, 
giving  it  more  and  more  a  foliated  character,  till  it  is  difficult  to  say 
where  it  passes  from  granite  to  gneiss.  With  true  intrusive  granite 
there  is  never  any  such  difficulty.  Hand  specimens  even  can  often 
be  got  with  the  granite  and  gneiss,  or  other  metamorphic  rock,  as 
definitely  bounded  as  can  be  imagined.t 

•  TroM.  Rojf,  GwL  Soe.  ComwiU,  vol  Iv.  p.  457, 

t  One  of  the  earliest  writera  (if  not  himself  the  first)  to  make  detailed  observations  on 
large  granitie  areas,  and  the  relation  to  them  of  the  dip  and  strike  of  the  surroandbig 
stiatifled  rocks,  was  Mr.  Hay  Cunnlnc^iaro,  an  observer  too  soon  lost  to  science,  and  whose 
writings,  from  the  limited  circnlation  of  the  Jonmals  in  which  they  chiefly  appeared,  are  less 
known  than  they  deserve  to  be.  His  "  Memoir  on  the  Geology  of  Eirkcudbright,"  published 
as  a  prise-essay  in  the  TraiuaetUms  'of  (A«  Highland  Society ,  vol  ziv.,  is  well  worthy  of 
being  read  by  every  geologist  who  takes  an  interest  in  the  questions  that  relate  to  the  origin 
of  grsnite,  and  the  connection  of  granite  with  metamorphism.  He  pointed  oat  very  clearly, 
at  a  time  when  the  valae  of  the  observation  conid  not  be  understood,  that  the  granite  of 
OaQoway  has  not  been  thrust  up  through  the  surrounding  Sflurian  rocks,  which  in  that 
ease  would  have  been  found  to  dip  away  from  the  granite ;  that,  on  the  contrary,  the  grey- 
wacke  and  shales  were  found  to  re-appear  on  the  farUier  side  of  the  granite,  and  with  the 
same  strike  as  before ;  timt,  in  fact,  the  granite  occupied  the  place  of  so  much  stratified  rock. 
Though  his  essay  is  ftill  of  sagacious  inference,  he  did  not  live  to  see  the  ftill  application  of 
his  observations.  The  now  well-ascertained  fitct  that  over  wide  areas  granite  has  actually 
been  substituted  for  stratified  rock,  and  that  without  the  mere  disruption  or  displacement 
of  the  latter,  is  fatal  to  the  early  notion  that  granite  was  erupted  in  huge  molten  masses 
throng  the  crust  of  the  earth,  and  was  then  a  chief  agent  in  the  upheaval  of  mountain 
chains.  Whether  we  are  to  regard  granite  as  a  rock  connected  with  a  vast  highly  heated 
granitic  "magma"  within  the  crust  of  the  earth,  and  slowly  eating  its  way  upward  by 
absorbing  the  overlying  rocks,  as  suggested  by  the  author  in  a  previous  page,  whether  we 
ou(^  to  look  on  granite  as  in  aU  cases  a  truly  metamorphic  rock,  or  whether  we  may  meet 
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Oraalto  ToIdb.* — Granite  vejns  Bometimea  differ  sensibljr  in  litho- 
logical  character  from  the  parent  mass  from  which  they  proceed.  They 
sometimee  contain  larger  and  more  perfect  cryetab  of  the  constiCDent 
minerals  than  are  seen  in  the  maaa  of  the  rock,  and  at  others  become 
moTo  fine-grained,  and  doee  in  texture,  appearing  to  lose  their  quarti, 
or  their  mica,  or  both.  The  more  lai^lj  crystalline  veina  are  generally 
those  which  occur  in  the  granite  itself,  and  these  aie  not  probably  in- 
trusive  veins,  but  veina  of  s^r^tiou,  oi  even  of  snbeequent  infiltntion. 

The  TeinB  which  proceed  from  the  granite  into  the  sonounding  rock 
must  clearly  be  intrusive  veins,  and  they  can  frequently  be  shown  to 


Fig.  KT. 

Onnitc  mini  tnrendsg  Lover  BllnrUn  lUUtthen  ilUnd  loto  mlu-KUit),  OD  tba  than 

beneith  KUUotT  Hill,  County  DubllD.    Tbelusumuiesotgiwiitc  (nnuitwl  0. 

have  been  intruded  at  different  periods.     Thie  is  seen  in  the  accom- 
panying aketch  (drawn  by  the  late  Mr.  Du  Noyer)  of  a  locality,  readily 

wlUi  granite  ton>i«d  In  twtb  wtyt,  ■»  vnong  t 
flnd  ■om«  tanhei  diacauloii  of  tbla  aul^ject  Id 
tnorpbiim.— A.  O, 

•  Onnltsvelnaireraflnt  uirefDllyitadlsdlD  tliliiionati7bjthemaMriousHDttoD,iiiid 
w«»  med  bj  him  u  demoDitntive  c%1deace  of  the  former  molten  condition  of  ETuile. 
When  hemidehl)  rmuoneobeemtloa  of  tbegmil(«  veins  of  Qlen  TUt,  Ua  aettndut  np- 
poaea,  from  the  eiaberant  dellgbt  of  the  philosopher,  thit  he  mnit  it  tbs  leut  hire  di>- 
cov(red« gold-mine.  Bee  rraw,  Bon,  Sot  Bdtii,  vol.  lllp.  TO;  »lioPlnyf»lr'«LlfeofHiit>o^ 
IForla,  toLIt.  p.  IS.  The  etudent  "bo  would  enJoj«mMt«rly  d»arlptlon  of  granite  Teini 
■honld  raid  tbe  Uemoli  of  Pie  jliUr  and  Lord  Webb  3e  Jtnour.    Traiu.  Jloj.  Sot  Kdin,  toL 
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accessible  at  low  water  from  the  Elilliney  Station  of  the  Dublin,  Kings- 
town, and  Bray  Railway,  where  one  large,  nearly  horizontal,  vein  of 
granite  may  be  seen  to  be  itself  traversed  by  another  vertical  one,  which 
terminates  upwards  in  branches  and  strings.  The  dark  Lower  Silurian 
slate-rocks  are  altered  into  glittering  mica-schist,  except  the  little  bands 
of  fine-grained  grey  siliceous  gritstone,  which  are  interstratified  with 
the  clay-slates,  and  are  unchanged.  Some  of  the  layers  of  mica-schist 
have  their  surfaces  covered  with  beautiful  stellated  forms  of  staurolite, 
which  has  been  developed  in  those  layers  which  had  the  requisite  con- 
stituents to  form  the  mineral,  while  they  are  absent  from  the  inter- 
mediate layers.  These  schistose  rocks  are  entirely  surrounded  by  the 
gtanite,  and  rest  in  hollows  of  it,  although,  as  may  be  seen  in  the 
sketch,  their  beds  dip  down  on  to  it. 

In  some  cases  these  intrusive  veins  appear  to  cut  through  the  granite 
itself  being  traceable  in  it  by  a  difference  of  texture  and  distinct  bound- 
ing walls.  In  other  cases,  however,  it  appears  to  have  been  merely  part 
of  the  external  portion  of  the  granite  which  was  injected  into  the  sur- 
rounding rock.  The  subsequently  formed  veins  which  cut  across  these, 
however,  could  hardly  have  had  the  same  origin.  These,  and  the  very 
distinct  veins  of  "eurite"  or  compact  granite,  which  are  often  traceable 
throagh  coarser  granite,  and  are  sometimes  themselves  traversed  by  other 
similar  veins,  apparently  of  subsequent  date,  are  probably  not  of  a  date 
long  posterior  to  the  intrusion  of  the  main  mass  of  the  granite.  It  is 
possible  that,  on  the  first  consolidation  of  the  upper  portion  of  the  granite, 
cracks  and  fissures  might  take  place,  into  which  injections  of  the  yet 
molten  rock  below  might  be  forced.  The  upper  consolidated  part  of  the 
granite,  although  no  longer  fluid  from  heat,  might  yet  be  red-hot,  so  that 
the  veins  injected  into  it  might  be  soldered^  as  it  were,  firmly  to  the 
walls  of  the  fissures. 

Mr.  Came*  says  that  the  granite  veins  which  penetrate  the  slates  in  Cornwall 
are  only  seen  near  the  junction  of  the  granite  and  slates,  are  generally  finer  grained 
than  the  granite,  and  are  more  quartzofie  but  less  micaseoos ;  that  they  pass  im- 
perceptibly into  the  granite— the  only  case  he  knew  where  a  vein  traversed  both 
rocks  being  at  Cam  Silver — and  that  there  is  no  junction  of  the  granite  and  slates 
exposed  in  which  the  slates  are  not  traversed  by  granite  veins.  He  states  that  the 
slates  are  generally  harder  near  the  veins,  and  are  almost  imperceptibly  changed 
from  clay-slate  into  mica-slate ;  and  that  in  most  places  where  the  junction  is 
seen  there  is  no  dislocation  or  disturbance  of  the  rocks.  He  adds  that  the  granite 
veins  have  no  regular  direction,  although  often  straight  and  regular  in  form, 
decreasing  in  size  as  they  recede  from  the  granite. 

Mr.  Henwoodf  also  says,  that  granite  near  its  junction  with  slate  sends  off 
veins  of  all  sizes,  shapes,  and  directions,  which,  when  large  and  horizontal,  are 
called  beds,  and  are  then  often  porphyritic  in  the  centre  and  fine  grained  at  the 
■ides.  In  most  cases  they  enclose  sharply-defined  angular  masses  of  slate,  and  the 
cleavage  planes  of  these  portions  of  slate  almost  always  coincide  with  those  of  the 
general  mass.    On  the  other  hand,  long  and  slender  masses  of  slate  penetrate  into 

*  TroiM.  Boy.  GtoL  Sue.  Com.  vol  it  t  In  same  Troiu.  vol.  v.  p.  143. 


250  GEOGNOSY. 

the  gimnite,  and  contain  masses  of  that  rock.  For  some  distance,  also,  on  each  tide 
of  the  junction,  there  are  unconnected  patches  of  either  rock.  At  some  mines, 
*<beds  "  of  granite  extend  into  the  slate  in  a  nearly  horizontal  direction  for  a  great 
many  fathoms,  but  the  position  of  the  latter  does  not  seem  to  have  been  disturbed.* 

Slvtms. — The  "  elvans  **  of  Cornwall  are  veins  of  qnartzifeiotis  por- 
pbjry,  differing  from  granite  chiefly  in  the  absence  of  mica.  According 
to  Mr.  Came  they  vary  in  width  from  a  few  feet  to  fifty  fathomsy  and 
sometimes  are  inclined  at  low  angles,  nnderlying  (from  the  vertical) 
much  more  rapidly  than  the  lodes,  t  He  considers  them  too  wide  to  be 
caUed  veins,  and  speaks  of  them  as  **  elvan-conisea.*'  Dr.  BoaseX  says,  that 
elvans  are  often  most  like  granite  in  the  centre,  and  more  like  felstone- 
porphyry  at  the  sides.  He  afterwards  speaks  of  ''emite-coarpes*  in 
the  granite,  and  says  they  are  commonly  regarded  as  fine-grained 
granite,  that  they  appear  to  be  made  of  crystals  of  felspar  and  quartz, 
too  minute  to  be  distingmshable  by  the  eye.  Mr.  Henwood  remarks,  § 
that  the  elvans  traverse  granite  and  slate  alike,  their  most  usual  bearing 
being  E.  and  W.  They  more  often  dip  to  the  N.  than  to  the  S.,  at  an 
average  angle  of  50^,  or  less  than  the  average  inclination  of  the  mineral 
veins.  He  adds,  that  they  are  more  granitic  in  the  granite  than  in  the 
slate,  but  still  distinctly  traceable  in  the  granite ;  and  also  that  they  are 
usually  more  coarse-grained  at  the  centre  than  near  the  sides,  and  often 
show  a  spheroidal  structure,  and  some  enclose  pieces  of  slate.  Similar 
elvans  to  those  of  Cornwall  are  abundant  near  the  granite  of  Leinster, 
and  probably  in  the  neighbourhood  of  all  other  large  granitic  masses. 

Although  the  elvans  differ  somewhat  mineralogically  from  granite, 
they  must,  I  think,  be  derived  from  it  as  granite  dykes,  since  they  only 
occur  in  districts  where  granite  also  occurs,  and  they  are  generaUy  more 
numerous  as  we  approach  the  granite.  In  Leinster  they  are  often  trace- 
able in  nearly  stra^ht  lines  for  some  miles,  although  only  a  few  feet  in 
width,  several  of  them  running  parallel  to  each  other  for  such  a  distance, 
with  intervals  of  two  or  three  hundred  yards  between  themu  They  ofloi 
coincide  in  strike  with  the  slate  or  other  rocks  in  which  they  lie,  though 
they  generally  cut  obliquely  across  the  dip  of  the  beds,  and  sometimes 
also  across  their  strike.  They  often  alter  the  rocks  in  contact  with  them ; 
not,  however,  by  converting  them  into  mica-schist,  but  merely  producing 
a  greater  induration,  a  more  minute  joint-fracture,  and  a  brown  ferro- 
giuous  tinge,  giving  them  what  might  be  called  a  "  burnt"  aspect.  In 
the  Leinster  district  the  rock  of  these  "  elvans''  is  more  like  that  ob- 
servable in  tlie  small  outlying  bosses  of  granite  which  just  show  them- 
selves through  the  slate  in  the  country  between  the  granite  hills  and  the 
sea,  than  it  is  to  the  granite  of  the  ''  main  chain."  Their  direction  is 
generally  N.E.  and  S.W.,  or  parallel  to  that  of  the  main  chain  of  the 
granite. 

*  Tran$.  GtoL  Soe.  Com.,  vol.  v.  p.  148.  i  Op.  eit  vol.  i. 

X  Op.  eU.  Iv.  p.  2M.  %  Op.  cU.  vol  v.  p.  161. 
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THE  TRAP-ROCKS  VIEWED  AS  ROCK-MASSES.* 

The  student  has  already  learnt  (Chap.  V.  p.  1 07)  in  what  sense  the  word 
trap  is  employed  in  this  volume,  what  rocks  are  included  under  the 
term,  and  in  what  respects  these  rocks  differ  from  each  other  in  mineral 
composition.  It  now  remains  to  describe  the  geological  relations  of  these 
masses :  that  is,  the  various  forms  under  which  they  enter  into  the  com- 
position of  the  geological  structure  of  a  country.  We  are  to  deal  with 
the  rocks,  not  as  mineral  substances  of  varjdng  composition,  whose 
differences  can  be  discriminated  in  hand  specimens  in  a  museum,  but  as 
great  rock-masses,  which  play  an  important  part  in  the  architecture  of 
the  earth's  crust  The  distinctions  which  have  now  to  be  drawn  among 
them  relate  to  features  which  must  be  studied  in  the  field,  and  many  of 
which  cannot  be  properly  understood  without  some  knowledge  of  modem 
volcanic  action.  That  knowledge  is  necessarily  presupposed  in  the  follow- 
ing discussion ;  but  the  student  who  wishes  to  furnish  himself  with  this 
preliminary  requisite  will  find,  perhaps,  a  sufficiently  detailed  account 
of  volcanoes  in  the  next  Part  of  this  MaiiuaL  He  will  discover,  more- 
over, that  in  the  study  of  the  trap-rocks  (which  are  to  so  large  an  extent 
merely  volcanic  rocks  of  ancient  date)  he  acquires  an  insight  into  many 
features  of  volcanic  action,  which  it  is  not  possible  adequately  to  investi- 
gate in  any  modem  volcano. 

*  It  is  proper  to  ttate  that  this  Chapter  has  been  entirely  re-written  by  the  editor.  In 
eonfoimlty  with  the  author's  classification,  the  "jirap-rocks  "  are  meant  to  include  rocks  of 
volcanic  origin,  of  palaeozoic,  secondary,  or  older  tertiary  date,  along  with  other  masses 
vUch,  tiiongh  they  did  not  reach  the  surface,  were  intruded  among  the  rocks  below,  and 
^V»  in  tome  eases,  have  been  connected  with  the  operation  of  volcanic  forces.  The  latter 
^Ip  to  connect  the  volcanic  with  the  granitic  rocks.  It  may  be  open  to  doubt  whether  it 
voald  not  be  better  to  disuse  the  term  "  trap  '*  aa  the  name  of  a  distinct  class  of  rocks,  on 
the  gnnud  that  most  of  the  rocks  so  called  are  certainly  of  volcanic  origin,  while  of  the 
nst  some  are  so  closely  connected  with  the  unmistakably  volcanic  ones  that  they  should 
in  sH  probability  be  regarded  aa  the  subterranean  prolongations  or  representatives  of  the 
letter;  while  others,  such  as  the  quartziferous  porphyries,  diorites,  etc,  are  so  related  to 
granitic  and  metamorphic  rocks,  that  they  might  perhaps  be  most  fitly  taken  in  connection 
^th  these.  The  editor  has  not  felt  at  liberty,  however,  to  alter  the  classification  of  his 
ffmd ;  and,  fortunately,  thia  is  of  minor  consequence  in  dealing  with  the  geological  relations 
^  the  roeks  in  question,  seeing  that  the  rocks  which  might  be  excluded  form  but  a  smaU 
proportion  of  the  whole ;  and  that  in  regard  to  their  mode  of  occurrence  they  can  be  legiti- 
ii^^tely  treated  along  with  the  "  intrusive  "  members  of  the  Trappean  series. 
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The  student  of  Britisb  geology  is  peculiarly  fortunate  in  this  brandi  of  hit 
inquiries.  In  that  combination  of  features  which  renders  our  islands  so  Tenuut- 
able  an  epitome  of  the  geology  of  the  globe,  not  the  least  important  item  is  the 
development  of  igneous  rocks  which  we  possess.  From  the  massiTe  felspathie 
lavas  and  tufib  of  the  Lower  Silurian  rocks,  up  to  the  great  basaltic  plateaux  oi 
Miocene  age,  most  of  the  BritiBh  geological  formations  contain  somewhere  erid^ices 
of  contemporaneous  volcanic  activity.  And  these  traces,  instead  of  being  confined 
to  limited  districts,  are  found  often  to  range  for  many  miles  through  gronjie  of  hiBs 
and  wide  stretches  of  lowland. 

This  copious  development  of  igneous  rocks  cannot  but  present  many  fKilxties 
for  the  study  of  volcanic  phenomena,  and  of  those  deep-seated  processes  wfaidi  in 
a  modem  volcano  are  inaccessible.  The  investigation  may  be  approached  &om  a 
number  of  different  sides,  resolving  itself,  in  this  way,  into  several  distinct  lines  of 
research.  These  igneous  masses  may  be  studied  stratigraphically  with  tiie  proofs 
of  their  having  been  successively  erupted  at  the  surface  during  the  growth  of  the 
▼arious  formations  among  which  they  occur.  Hence,  on  the  one  hand,  we  may 
obtain  much  curious  insight  into  the  geological  history  of  a  district,  while,  on  iht 
other,  by  taking  a  broader  view  of  the  whole  subject,  we  may  to  some  extent  trace 
the  progress  of  volcanic  action  over  the  whole  country.  Agaio,  the  rocka  may  be 
examined,  irrespective  of  the  formations  to  which  they  belong,  as  repositories  of 
data  respecting  the  phenomena  of  volcanoes.  They  may  be  studied  as  chemical  or 
mineralogical  compounds,  and  compared  or  contrasted  with  the  products  of  modem 
volcanoes.  When,  moreover,  we  reflect  how  many  of  these  igneous  masses  mn^ 
have  consolidated  on  the  floor  of  the  sea^  and  how  rare  are  the  opportunities  of 
investigating  the  progress  of  an  active  submarine  volcano,  we  perceive  that  an 
attentive  study  of  our  own  volcanic  rocks  may  even  elucidate  some  of  the  less 
observable  features  of  modem  volcanic  action.  Or  these  igneous  ma»es  may  be 
examined  with  the  view  of  ascertaining  how  tar  volcanic  activity  may  influent 
submarine  life.  Thus,  in  some  of  our  geological  systems — among  the  Silurian 
rocks  of  Wales,  for  example,  or  the  carboniferous  limestone  group  of  Fife  and  tht 
Lothians— many  instructive  sections  occur,  where  an  abundant  series  of  crincMds, 
corals,  brachiopods,  and  other  organisms,  has  been  gradually  or  suddenly  envdoped 
in  a  mass  of  tuff.  Other  instances  likewise  abound  in  which  a  suite  of  fossils  may  be 
found  slowly  struggling  through  the  upper  part  of  a  bed  of  tuf^  until  the  ashy 
sediment  dies  away,  and  the  fossils  gather  together  into  a  bed  of  limestone. 
Among  the  coal-seams,  ironstones,  and  limestones  of  Scotland,  such  intimate 
relations  to  contemporaneous  volcanic  action  may  be  traced.  Or,  lastly,  we  may 
study  our  trap-rocks  with  the  view  of  learning  under  what  conditions  masses  oi 
melted  rock  are  injected  into  strata  and  consolidated  far  beneath  the  surfiMse,  and 
how  far  the  phenomena  presented  by  euch  masses  may  be  found  to  bear  upon  the 
subject  of  plutonic  action  and  metamorphism.* 

Viewed  as  rock-masses,  and  in  relation  to  their  connection  with  other 
rocks,  Trap-rocks  may  be  divided  into  two  great  groups: — let,  Those 
which  have  been  thnist  or  injected  into  other  rocks  without  reaching 
the  surface,  and  which  are  consequently  now  exposed  only  as  a  result  of 
the  denudation  of  the  rocks  which  once  covered  them,  and  under  which 
they  were  consolidated.  This  may  be  termed  the  IntrasiTe  or  Subie- 
qnent  Qroup.  2d,  Those  which  actually  reached  the  surface  as  true 
volcanic  rocks,  and  came  to  be  interstratified  with  and  covered  by  the 
formation  that  happened  to  be  in  progress  on  the  surface  at  the  time. 

•  Geikle,  Presidential  Address  to  Section  C,  British  Association,  1M7. 
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To  this  groap  the  name  Interbedded  or  Contemporaaeotui  may  be 
aasigned. 

It  must  be  borne  in  mind  that  these  terms  have  reference  only  to  the 
relation  which  the  trap-rocks,  so  termed,  bear  to  the  rocks  among  which 
thej  occur.  An  in^rruive  mass,  which  is  necessarily  mibsequent  in  date 
to  the  rocks  through  which  it  has  been  intruded,  may  be  of  the  same 
date,  or  older  or  younger  than  another  mass  whidi  is  interbedded  with 
its  associated  rocks.  On  the  other  hand,  an  inUrhedded  trap,  which  is 
geologically  eonUmporcmetmi  with  the  rocks  among  which  it  lies,  may  be 
coeTal  with,  or  older  or  younger  than,  another  trap  which  stands  to  its 
surrounding  rocks  in  an  intrusive  or  subsequent  relation.  The  tenns 
relate  solely  to  the  behayiour  of  the  rocks  as  rock-masses,  and  to  their 
chronologiod  sequence  relatively  to  the  other  rocks  among  which  they 
occur. 

This  arrangement  \r  one  of  great  practical  convenience  to  the  field- 
geologiBt*  It  is  evident,  however,  that  as  all  the  trap-rocks,  whether 
intrusive  or  interbedded,  originated  beneath  the  surface,  they  must  all 
be  in  reality  intrusive  in  some  part  of  their  mass.  Those  which  reached 
the  surfjEice  and  spread  out  as  wide  sheets  there,  must  first  of  all  have 
been  intruded  through  the  rocks  beneath  the  surface  before  they  could 
appear  at  aU,  just  as  every  modem  lava-flow  must  be  connected  with 
some  subterranean  pipe  or  column  of  lava  which  has  risen  through  older 
rocks,  and  is  therefore  intrusive  or  subsequent  to  them,  though  the  lava- 
stream  at  the  surface  becomes  interbedded  with  any  modem  deposits 
which  may  be  in  the  course  of  formation  at  the  locality,  and  is  therefore 
contemporoTieotts  with  them.  Nevertheless,  in  practice  we  seldom  can 
connect  the  contemporaneous  outflow  at  the  surface  with  the  intmsive 
column  or  pipe  from  which  it  proceeded.  The  crust  of  the  earth  is  so 
broken  and  disjointed,  and  the  rocks  now  visible  to  us  are  so  fragmentaiy 
from  dislocation  and  frequent  and  enormous  denudation,  that,  as  a  mle, 
the  utmost  we  can  say  is,  that  here  is  a  series  of  igneous  rocks  which  were 
sctoally  ejected  to  the  surface,  and  are  consequently  contemporaneous 

*  Yet  it  is  of  comparatiTely  recent  development.  In  the  earlier  days  of  geology  it  was  the 
IntrasiTe  aspect  of  the  trap-rocks  that  was  chiefly  insisted  on  by  the  Huttonians  as  evidence 
of  the  igneous  origin  of  these  rocks,  while  it  was  their  interbedded  aspect  which  was  seized 
upon  by  the  Wemerians  as  proof  of  aqueous  deposition.  The  idea  that  many  of  the  trap- 
rocks  are  of  volcanic  origin,  and  contemporaneous  with  the  rocks  among  which  they 
occur/ was  not  unknown,  as  the  writings  of  Faujas  8t  Fond,  Bou^,  and  Haccnlloch,  prove, 
and  it  wss  dearly  made  out  by  Sir  R.  Murchison  in  his  original  **  Silurian  System."  But 
I  believe  the  idea  never  bore  fruit  in  any  wide  investigation  of  the  rocks  themselves  until 
it  was  brought  prominently  forward  and  applied  by  the  late  Sir  Henry  de  la  Beche  in  the 
•ooth-west  of  En^and,  and  afterwards  by  him  and  his  colleagues  of  the  Geological  Survey 
in  Wales  and  in  Ireland.  There  can  be  no  doubt  that  the  work  of  the  Survey  was  the 
flnt,  as  it  is  still  the  most  memorable  attempt,  on  a  great  scale,  to  apply  the  knowledge 
ef  recent  volcanic  action  to  the  elucidation  of  the  igneoua  rocks  of  ancient  geol<^cal 
periods.  (See  the  Mapa  and  Sections  of  the  Geol.  Survey  of  Wales,  and  Professor  Ramsay's 
Hemotr  on  North  Wales  in  the  8d  vol.  of  the  Survey  Memoin.) 
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with  the  formation  in  which  they  are  interbedded ;  while  there  is 
another  group  wherein  the  parts  of  the  rock  now  visible  most  haye 
consolidated  beneath  the  surface,  for  they  have  been  injected  into  Uie 
rocks  among  which  they  occur,  to  which  therefore  they  are  subeequeDt 
Every  mass  of  interbedded  trap  must  have  been  connected  wi^  an 
intrusive  pipe  or  mass  somewhere,  whether  now  visible  or  not ;  but  we 
cannot  affirm  that  each  particular  mass  of  intrusive  trap  we  meet  with 
was  ever  connected  by  any  upward  prolongation  with^the  surface  that 
existed  at  the  time  of  its  intrusion.  In  studying  the  intrusive  trap- 
rocks,  we  have  to  deal  with  the  subterranean  phenomena  of  volcanic 
action ;  in  tracing  the  characters  of  the  interbedded  trap-rocks,  we  are 
brought  face  to  face  with  those  features  of  volcanic  action  which  were 
displayed  at  the  surface. 

In  the  classification  of  rocks,  already  given  in  Chapter  Y^  the  trap- 
rocks  were  ranged  in  two  main  divisions,  according  to  their  lithologiol 
character  and  mode  of  production, — the  Crystalline,  consisting  of  rocks 
that  had,  like  lava,  consolidated  from  a  state  of  igneous  fusion ;  and  the 
Fragmental,  comprising  those  which  had  been  formed  from  the  consoli- 
dation of  loose  materials  ejected  from  beneath  the  surface.  That  ekosi- 
fication  is  retained  here ;  but,  instead  of  considering  the  composition,  we 
shall  now  discuss  the  petrological  characters  of  the  rocks  of  each  division, 
under  the  heads  Intrusive  and  Interbedded, 

I.  INTBITSIVE   OB  8T7B  SEQUENT  TBAP-B0CE:8. 

A.  CRYSTALLINE. 

K  the  student  has  mastered  the  description  of  the  ciystalline  trap- 
rocks  already  given,  he  will  recognise  that,  possessing  the  one  common 
character  of  having  solidified  from  an  original  melted  condition,  they 
may  occur  either  as  intrusive  or  as  interbedded  masses.  There  are 
some,  however,  which  are  never  met  with  but  in  one  of  these  forms, 
others  which  usiuUly  occur  in  the  other,  and  some  which  may  be  en- 
countered indifferently  in  either.  The  diorites,  for  example,  are  always 
intrusive  rocks.^  The  basalts,  on  the  other  hand,  usually  form  inter- 
bedded sheets  and  beds,  though  often  found  also  in  intrusive  positions. 
The  felstones  occur  sometimes  in  the  form  of  interbedded  sheets,  and 
sometimes  in  intrusive  veins  or  masses.  In  Britain,  as  a  rule,  the 
coarsely  crystalline  varieties  of  trap  are  of  intrusive  character,  while 
the  interbedded  traps  are  commonly  finer-grained  and  often  amygdaloidaL 
To  this  general  rule,  however,  there  are  so  many  exceptions,  that  the 
student  would  not  always  be  safe  in  pronouncing  a  particular  rock  to  be 
certainly  intrusive  or  otherwise,  merely  from  its  texture,  and  without 
reference  to  the  geological  structure  of  its  locality ;  a  little  practice, 

*  That  is,  of  conrae,  when  they  are  not  to  be  regarded  as  of  metamorphic  oxIgtB. 
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bowerer,  will  enable  him  to  decide  with  tolerable  accuracy  in  this 
matter. 

The  intmsive  character  of  trap-rocks  may  be  examined  under  two 
aspects.  In  the  first  place,  we  may  consider  the  origin  of  rocks  which 
have  manifestly  solidified  at  a  great  depth  beneath  the  surface,  and  which 
may  be  connected  with  the  fusion  and  alteration  of  subterranean  masses 
during  the  process  of  Metamorphitm,  In  the  second  place,  we  may 
study  other  masses  which  probably  solidified  at  a  less  depth,  and  indi- 
cate the  extravasation  of  molten  rock  to  the  surface.  In  the  former 
instance  we  deal  with  what  may  be  called  Plutonic  trap-rocks,  and  in 
the  second  with  rocks  which  are  downward  prolongations  of  the  volcanic 
tiap-rocks.  This  is  a  distinction  which  can  be  readily  recognised  in 
theory,  though  not  always  very  easy  to  observe  in  practice.  Our  know- 
ledge indeed  of  metamorphism  and  its  cognate  subjects  is  still  so  vague, 
that  the  study  of  the  deep-seated  trap-rocks  is  surrounded  with  much  diffi- 
culty. The  following  observations,  therefore,  are  designed  to  make  the 
student  acquainted  simply  with  the  petrological  relations  of  these  rocks, 
that  is,  with  the  forms  which  they  assume  as  rock-masses,  and  the 
manner  in  which  they  are  related  to  other  rocks  with  which  they  come 
in  contact  We  shall  not  attempt  in  this  place  to  decide  which  masses 
had  an  original  upward  prolongation  and  connection  with  true  volcanic 
rocks,  and  which  resulted  entirely  from  deep-seated  or  plutonic  action, 
but  describe  those  features  which  must  be  imderstood  before  any  theory 
as  to  origin  can  be  reasoned  on. 

The  intrusion  of  melted  rock  among  other  rocks  within  the  earth's 
crust  has  been  governed  by  one  general  law — viz.  that  the  melted  rock 
always  tends  to  find  escape  along  the  lines  of  least  resistance.  In  many 
cases  we  can  determine  what  the  lines  of  resistance  were.  Sometimes 
they  were  linea  of  fault  or  fracture,  sometimes  lines  of  bedding,  some- 
times lines  of  valley,  or  of  some  particular  formation.  In  other  cases 
the  lines  were  many,  or  complex,  or  such  that  we  cannot  now  trace 
them.  It  will  be  seen  that  these  features  conveniently  determine  for 
us  the  arrangement  of  the  crystalline  intrusive  trap-rocks,  which  it  is 
proposed  to  follow  in  the  following  pages.  According  to  the  nature  of 
the  line  of  escape  along  which  the  melted  rock  was  intruded,  we  have  a 
Amorphous  Masses,  jS  Sheets,  y  Dykes  and  Veins,  and  d  Necks. 

a.  Amorphoua  Masses. 

In  many  r^ons,  diorite,  felstone,  and  some  of  the  earlier  doleritic 
rocks,  have  broken  through  older  formations  in  such  an  irT^;ular 
manner,  and  in  such  volume,  that  they  now  show  above  ground  in  the 
form  of  huge  amorphous  masses.  Their  boundaries  at  the  surface  are 
niore  or  less  indeterminate,  and  when  we  can  discover  any  section  show- 
uig  their  relation  to  the  rocks  aroimd  them,  we  find  the  latter  broken 
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and  altered.  Strata  are  abraptlj  truncated,  and  veins  from  the  intm- 
sive  rock  are  often  found  penetrating  between  and  among  them  (Fig. 
98).      Sandstone,  as  it  approaches  the  junction,  becomes  harder  and 


8.  G 

Fig.  »a 

Anfbiphoni  Greenstone  Maae  (G)  of  Cnig-das-Bithftn,  Wtles,  cutting  throng  Lower 

Silurian  roclu  (8X    [Prot  RunMyJ 

passes  into  quartz-rock.  Shale  gets  more  and  more  indurated,  till  it 
takes  the  form  of  porcelain-jasper,  or  some  of  the  other  varieties  of 
altered  argillaceous  rocks.  Limestone  becomes  much  harder  and  more 
granular,  sometimes  passing  into  marble,  and  sometimes  becoming 
veined  with  serpentine,  and  undei^ing  dolomitisation.  Perfect  crystals, 
as  of  garnet,  analcime,  pyrites,  calcite,  etc.,  are  also  sometimes  deve- 
loped in  the  altered  rock. 

Such,  in  especial,  is  the  character  of  the  diorites,  felstones,  and 
quartziferous  porphyries  of  the  palaeozoic  formations.  In  Wales,  for 
example,  the  Lower  Silurian  rocks  are  pierced  by  huge  masses  of  diorite 
(greenstone),  which  sometimes  run  for  some  distance  along  the  line  of 
strike  of  the  stratified  rock,  and  then  break  abruptly  across  it.  These 
masses  are  frequently  found  to  branch,  and  the  roc^  which  they  traverse 
have  been  greatly  altered  by  them.  Conspicuous  examples  are  furnished 
in  the  Breidden  Hills,  Comden  Hill,  and  Craig-das-Eithan  (Fig.  98). 
Of  the  greenstones  in  the  Snowdon  district  Professor  Bamsay  rema^ 
<'  it  seems  probable  that,  like  the  great  lines  of  greenstone  between 
Llanberis  and  Ffestiniog,  and  between  Moelwyn  and  Nant  Gwynant, 
their  tendency  has  been  to  force  their  way  in  between  the  lines  of 
bedding ;  but  from  causes,  difficult  or  impossible  to  trace,  they  have 
also  branched  undei^ground  hither  and  thither  with  considerable  irregu- 
larity, and  now,  when  exposed  by  denudation,  crop  out  apparently  in  & 
capricious  manner.'' *  Some  of  tlie  Welsh  greenstones  are  amygdaloidsl 
— a  circumstance  which  may  perhaps  connect  them  with  volcanic 
phenomena.     Sometimes  they  are  columnar. 

In  the  Lower  Silurian  and  Old  Red  sandstone  formations  of  Scot- 
land, large  masses  of  felstone  and  various  porphyries  have  been  intruded 
among  the  strata.  In  the  Carboniferous  formation  of  the  same  kingdom 
a  similar  part  is  played  by  doleritic  trap-rocks,  and  sometimes,  as  in  the 
neighbourhood  of  Edinburgh,  by  diorite.f 

*  Mem.  Geol.  8urv.,  vol.  lU.,  p.  128.    See  also  Sir  R.  Murchison^s  Stlwria,  chap,  tr.,  tnd 
Catalogue  of  Rock  Specimens  in  Jermyn  Street  Mu$eumj  p.  6,  tt  teq. 
t  See  Catalogue  qfRock  Speeimene  in  the  Edinburgh  Mueeum^ 
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p.  BheetB. 
Koda  of  Ocourrenoe. — Among  the  linea  of  weak  reeietance  to  the 

pftesage  of  intnieive  trap,  none  have  heea  more  constantly  made  lue  of 
than  those  fnmialied  by  the  divisional  planes  of  stratification.  When  a 
mass  of  melted  rock  has  been  intruded  between  the  plauea  of  bedding  of 
straU,  it  takes  the  form  of  a  sheet  or  bed,  varying  in  thicknesH  from  less 
than  a  foot  to  several  hundred  feet.  Sometimes  this  has  been  efFected 
in  soch  a  way,  that  in  the  parts  now  visible  no  disturbance  of  the  etrota 
can  be  detected,  the  intruded  rock  lying  regularly  and  conformably 
between  them,  as  if  it  formed  an  original  part  of  the  series  (^g.  99). 


TluM  two  aheeU  come  together,  and  form  the  thick  mdely  colnmuu  mail  oF  Bamson'B 
RnM(g}.  It  will  tie  observed  that  ttaoeiheele  partly  coararTD  totbe  bedding  of  the  c&rbon - 
Unoiu  Mnditones  and  ihalei  (iQ,  and  partly  cut  KioU  them. 

In  mch  caeea  great  care  ia  required  to  make  it  certain  that  the  rock 
really  is  intrusive.  Yet,  if  the  student  examines  the  lines  of  junction 
of  the  upper  and  under  sides  of  the  trap-rock  with  the  contiguous 
ttiata,  he  will  find  that  the  strata  have  been  hardened  for  some 
iaches,  or  even  sometimes  for  some  feet,  away  from  the  intrusive  sheet. 
This  is  particularly  to  be  searched  for  along  the  upper  surface,  for  if 
the  strata  resting*  npon  that  surface  are  altered,  it  is  clear  that  the 
trap  is  intrusive  and  subsequent.  Thin  is  aa  infallible  teat  of  the 
intrusive  character  of  a  trap-rock.  It  very  commonly  happens,  more- 
over, that  the  texture  of  the  trap  becomes  much  more  compact  towards 
its  contact  with  the  stratified  rocks — a  circumstiutce  which,  when  it 
occuts  along  the  upper  surface,  helps  to  prove  the  intrusive  character  of 
the  mass.  We  shall  see,  in  a  subsequent  port  of  this  Chapter,  that  truly 
mterbedded  trap-rocks  do  not  usually  become  finer^rained  along  their 
upper  surface,  but  have  a  totally  diiferent  character.  The  change  in 
texture  is  probably  due  to  the  more  rapid  cooling  of  the  edges  of  the 
melted  mass  by  contact  with  the  strata  among  which  it  was  thrust, 
while  the  central  portions,  cooling  mor«  slowly,  assumed  a  more  distinctly 
crystalline  texture. 
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Fig.  100.    (From  preTious  edition  of  this  MannaL ) 

ff.  Stratified  rock. 

t.  Trap  numing  partly  between,  partly  across  the  beds. 


A  perfect  conformity  with  the  bedding^abov^e  and  below  is,  howerer, 
not  the  rule  with  intrusive  sheets.  More  usuallj,  while  conforming  to 
it  in  a  general  way,  they  are  found  here  and  there  cutting  across 
one  or  more  beds  (Fig.  100),  catching  up,  involving,  and  "baking" 
portions  of  them,  and  sometimes  breaking  away  altogether  from  l^eir 

previous       course, 

'  1 ! : striking  across  the 

beds,  and  taking  a 
new  line  along  the 
strike  of  a  differ^it 
part  of  the  series. 
These  irr^olarities 
show  at  a  glance 
that  the  rocks 
which  display  them 
have  been  intruded 
along  and  across  the 
planes  of  bedding 
of  the  stratified 
formations. 

Some  continental  geologists  make  a  difficulty  in  allowing  the  true 
intrusive  character  of  many  such  sheets  from  their  great  thickness,  the 
depth  of  rock  which,  on  the  supposition  of  their  intrusion,  must  have 
covered  them,  and  the  absence  or  trifling  nature  of  the  observable  dis- 
turbance of  the  strata  overlying  them.  If  we  could  attach  any  weight 
to  the  objection  on  the  score  of  the  thickness  of  the  mass  and  the 
enormous  pressure  of  the  overlying  rocks,  we  might  on  the  same 
ground  deny  the  possibility  of  volcanic  eruptions ;  while  the  small 
amount  of  disturbance  sometimes  effected  on  the  under  surface  of  the 
overlying  beds  is  not  more  than  we  might  reasonably  expect  occasionally 
to  happen  when  a  mass  of  molten  rock  forced  itself  along  a  yielding 
bedding-plane  between  two  groups  of  compact  strata; 

Ijithologioal  Chaaracter. — ^AU,  or  almost  all,  the  varieties  of  the 
crystalline  trap-rocks  may  be  found  in  the  form  of  intrusive  sheets.  The 
diorites  of  Wides  commonly  occur  as  long  bands  which  have  risen  along 
the  strike  of  the  strata.*  The  intrusive  felstones,  minettes,  and  syenites 
of  the  Silurian  region  of  the  south  of  Scotland  have  been  thrust  along 
the  line  of  bedding,  and  may  sometimes  be  traced  for  miles  running 
parallel  with,  but  often  breaking  into,  the  greywackes  and  shales  among 
which  they  lie.  The  diabases  and  doleritic  rocks  of  the  Carboniferous 
formation  of  Scotland  occur  abundantly  as  intrusive  sheets  among  tiie 
sandstones,  shales,  and  other  strata  ;  and,  as  they  are  much  harder  tiian 
the  latter,  they  tend  to  stand  up  in  prominent  crags.  The  mural 
*  See  Professor  Ramsay's  Memoir  on  North  Wales.    Afem.  QtciL  Surv.,  toL  iii 
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escarpment  of  Solubui;  Crags,  at  Edinburgh,  ia  a  bmiliot  illoetiatioii 
^ee  Mg.  99). 

VarletlM  of  Stmoture  and  Toxtuiw. — Trap-rocks  which  occur  as 
itttnudTe  sheets  hare  asuaily  an  amorpiionB  inteiual  structnre— that  is 
to  say,  they  are  divided  more  or  less  irregularlj  hy  jointa,  bat  have 
no  definite  and  regnlai'  lines  of  division.  Sometiiaes,  however,  as  in 
the  caae  of  the  Welsh  greenstones  above  mentioned,  they  ore  columnar, 
and  even  show  curved  colnmns,  as  in  the  basalt  of  StofFonLBhire  (Fig. 
101).     Occasionally  they  aeeume  a  rudely  fissile  character,  as  in  some 


CnrvBd  cDlnmiu  In  doleiite.    Poiik  Hill  Quany,  SUS'ordlblK,'* 

compact  fdstones.  They  are  frequently  porphyritic,  and  this  is 
especially  trae  of  the  felepathic  series.  Karely  they  are  amygdaloidaL 
As  a  rule,  the  central  parts  of  a  sheet  are  larger  grained  than  the 
edgea.  This  may  often  be  strikingly  seen  among  the  dark  augitic  rocks, 
where  the  exterior  (upper  or  under)  portions  become  more  and  more 
compact,  until  the  individual  crystals  can  no  longer  be  recognised,  and 
the  rock  passes  into  a  close-grained  diabase  or  mekphyre.  This  change 
has  already  been  alluded  to  as  probably  due  to  a  more  rapid  cooliug  of 
these  cloee^rained  external  parts.  In  cases  where  the  trap  has  come 
in  contact  with  highly  ferruginous  or  calcareous  rocks,  it  has  often 
undergone  a  further  change  from  a  series  of  chemical  reactions.  He 
iron  or  lime  has  been  iniiltiated  into  its  outer  parts,  which  are  found 
to  be  often  veined  with  hematite,  calc-spar,  or  serpentine.  Still  more 
striking  is  the  change  effected  upon  doleritic  rocks  from  contact  with 

*  From  Juku'  S^ool  Uanwil  oj  CtBtogj/,  Tig.  t. 
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carbonaceous  ehale  and  coaL  The  trap  in  such  cases  ii  converted  into 
a  soft  white  or  yellow  wacke  or  clay  for  some  inches  lioia  the  edge, 
and  if  the  sheet  happens  to  be  only  a  foot  or  bo  thick,  and  lo  bare 
been  intruded  along  the  lines  of  parting  of  a  coal-eeam,  it  may  be 
found  completely  altered  from  one  side  to  the  other.  Such  altered 
trap  was  referred  to  in  Chapter  V.  (p.  105),  as  occuning  in  StafTordshite 
under  the  name  of  "  white  rock,"  It  is  likewise  abundant  in  Ayrshire, 
In  that  coalfield  the  intrusive  sheets  in  many  cases  have  chosen  thur 
paths  along  the  course  of  coal-seams,  probably  because  these  seams 
offered  less  resistance  to  their  passage  than  the  mora  stubborn  sand- 
stones and  shales. 

"  OoDtempoTaneoua  Veina." — It  is  not  uncommon  to  find  intnuive 
sheets  of  crystalline  trap-rock  traversed  by  long  narrow  branching 
veina  of  the  same  rock  as  the  rest  of  the  mass,  but  distinguished  from 
the  rest  by  being  lighter  or  darker  in  colour,  coarser  or  finer  in  groin, 
more  or  less  porphyritic,  or  with  a  greater  predominance  of  one  of  the 
component  minerals.  These  veins  are  often  met  with  among  the  bora- 
blendic  and  augitic  traps.  They  vary  in  thickness  from  an  inch  or  lesa 
to  a  foot  or  more,  and  commonly  tend  to  run  in  a  general  way  parallel 
with  the  bounding  surfaces  of  the  mass  in  which  they  occur.  The 
subjoined  sketch  (Fig.  108)  illusti-ates  the  way  in  which  these  veins 


"  ConUiDponmtOQt  iBtns  *  Id  dlorlte.    Rilho,  dht  EdlsbDrnfa. 

occur  in  a  large  intruded  sheet  of  dioiite,  which  lies  among  the  sand- 
stones of  the  lower  carboniferous  formation  near  Edinburgh.  The 
name  "  contemporaneous  veina  "  was  given  to  such  intruded  veins  and 
threads  by  the  Wemeriau  geologists  in  the  early  part  of  this  century, 
under  the  belief  that  they  were  all  deposited  from  aqueous  solution^ 
•long  with  the  crystalline  masses  in  which  they  are  found.  We  ataj 
retain  the  name,  but  for  the  purpose  of  expressing  that  the  veins 
belong  to  the  some  intrusion  as  the  masses  which  contain  them.     They 
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seem  in  certain  cases  to  have  been  produced  from  some  movement  of  the 
whole  mass  daring  consolidation,  whereby  yet  fluid  portions  were  in-* 
jected  along  cracks  or  between  divisional  planes  of  the  mass.  In  other 
instances,  where  they  are  found  to  merge  into  the  surrounding  rock 
along  both  their  bounding  surfaces,  they  rather  suggest  the  idea 
of  segregation  and  crystallisation  of  the  minerals  idong  particular 
lines. 

Alteration  of  Stratified  Books. — The  effects  produced  by  intrusive 
sheets  upon  the  stratified  rocks  with  which  they  have  come  in  contact 
are  generally  similar  to  those  already  referred  to  as  characterising  the 
boundary-lines  of  amorphous  masses.     They  differ,  however,  in  this 
respect,  that  we  have  often  before  us  a  more  decided  intrusion  and  pro- 
longed line  of  contact  when  we  examine  the  behaviour  of  an  intrusive 
sheet.     The  melted  rock  has  come  into  more  intimate  relations  with 
the  stratified  beds,  and  the  phenomena  of  alteration  by  heat  are  thus 
more  easily  followed  into  detail.     When  a  sheet  of  diorite,  melaphyre,  or 
other  trap-rocky  has  been  intruded  among  sandstones,  the  latter  are 
usually  hardened  along  the  junction  to  a  depth  varying  from  an  inch 
or  two  up  to  several  feet.     This  induration  has  sometimes  proceeded 
so  far  as  to  convert  the  rock  into  a  quartzite.     Sometimes,  besides  the 
induration,  the  sandstone  has  had  a  system  of  prismatic  joints  super- 
induced upon  its  structure,  whereby  it  splits  off  in  columns,  the  ends 
of  the  columns  springing  at  a  right  angle  from  the  surface  of  the  sheet, 
in  the  same  way  that  a  columnar  structure  is  found  sometimes  gene- 
rated in  the  sandstone-slabs  used  to  line  furnaces.     Shale  is  likewise 
hardened,  and  sometimes  converted  into  a  kind  of  porcellanite  or  flinty 
slate.     The  shales  traversed  by  the  diorite  sheets  of  Wales  are  changed 
into  a  hard  rock  used  for  honestones  ;  and  the  famous  "  Water-of-Ayr 
Stone  "  is  likewise  a  shale,  probably  hardened  by  the  proximity  of  some 
of  the  great   sheets  of  dolerite  by  which  the  Ayrshire  coalfield   is 
traversed.     But  the  most  striking  cases  of  alteration  are  those  in  which 
the  sheet  has  been  thrust  along  the  bedding  of  highly  carbonaceous  shale 
or  of  coaL     The  dolerite  (or  melaphyre)  is  then  itself  altered  as  above  de- 
scribed, and  the  best  coal-seam  is  so  changed  as  usually  to  be  rendered 
quite  worthless.     The  nature  of  the  change  varies  with  the  thickness,  and 
perhaps  with  other  original  conditions  of  the  doleritic  sheet.     Most 
frequently  the  coal  is  found  first  to  become  hard  and  brittle,  passing 
into  a  kind  of  anthracite  or  ''  blind-coal  ;**  it  then  gets  more  and  more 
broken  and  friable,  imtil,  as  it  comes  near  the  dolerite,  it  is  a  mere 
black  ash  or  soot     Some  remarkable  instances  of  this  kind  occur  in 
the  South  Staffordshire  coalfield.     Fig.  103  represents  above  100  yards 
of  the  Tenyard  coal  in  the  Grace  Mary  Colliery,  where  the  coal  is 
traversed  by  sheets  and  strings  of  "  white  rock "  connected  with  the 
basalt  hiUs  of  that  district     Ilie  coal  has  there  "  lost  its  bright  lustre 
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and  its  regular  '  face,'  and  has  parted  with  much  of  its  bituminous  or 
inflammable  character^  and  more  nearly  resembles  anthracite  than 


mnrf^tmw^t^^^^' 
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Fig.  103. 
Coal  altered  by  *<  wbite-rock"  trap.    South  Staffordiihire. 
a.  **  White-rock"  trap.  5.  Altered  CoaL  c  Sandatone. 

bituminous  coal,  though  different  from  both,  being  often  fuU  of  con- 
cretions of  iron  pyrites,  or  of  carbonate  of  lime,  or  other  minerals."* 

In  the  Ayrshire  coalfield  some  remarkable  cases  of  the  alteration 
of  coal  occur,  where  the  coal  has  not  only  lost  its  ordinary  so-called 
bituminous  character,  but  has  assumed  a  fine  columnar  arrangement 
Near  Dalmellington,  and  again  near  Kilwinning,  sheets  of  doleiite, 
sometimes  only  about  a  foot  thick,  have  been  injected  along  the  middle 
of  a  coal-seam,  so  as  to  divide  the  seam  into  two,  the  separated  portions 
being  each  rendered  columnar.  The  columns  are  five  and  six  sided, 
about  the  thickness  of  stout  pencils,  and  diverge  from  the  surface  of 
the  trap  in  the  same  way  that  the  much  larger  and  coarser  columns  of 
sandstone  do.t 

Though  coal  is  usually  found  to  be  considerably  altered  where  it 
comes  in  contact  with  or  even  approaches  any  mass  of  intrusive  igneous 
rock,  yet  cases  occur  where  little  or  no  change  is  observable.  A  re- 
markable example  was  noticed  by  the  writer  at  the  Townhill  Colliery, 
Dunfermline,  where  a  coal-seam  has  been  worked  up  to  the  surface, 
with  a  sheet  of  melaphyre  for  a  roof.  The  coal  is  a  little  hardened, 
but  not  charred  or  rendered  unworkable,  while  the  trap,  which  in  its 
central  parts  is  compact  and  finely  crystalline,  becomes  earthy  in  tex- 
ture where  it  meets  the  coal  below  it  and  the  shales  above,  t 

It  is  worthy  of  remark  that  when  a  coalfield  is  much  troubled 
with  intrusive  sheets  of  trap-rock,  these  are  commonly  found  to  have 
chosen  their  path  along  the  line  of  coal-seams — a  circumstance  already 
alluded  to  as  evidence  of  the  tendency  of  subterranean  igneous  rocks  to 
escape  upward  along  the  lines  of  least  resistance.  In  one  district,  that 
of  Linlithgowshire,  where  there  is  a  great  abundance  of  intrusive  trap, 
traversing  rocks  among  which  highly  bituminous  shales  and  coal-seams 
occur,  a  process  of  destructive  distillation  seems  to  have  taken  place. 

*  See  this  and  other  examples  described  by  Mr.  Jakes  in  his  Sovih  Stafordtkin  Coal- 
field,  2d  edition  {Men.  Gtol.  Surv.)  The  trap  which  destroys  the  coal  mentioned  above  is 
the  same  as  that  of  which  an  analysis  is  given  on  p.  105. 

t  See  Catalogue  of  Bock  Speeimeiu  in  Edinburgh  Mxieeumf  p.  81. 

X  Bee  Mem.  GeoL  Surv.,  Geology  of  Edin.,  p.  06,  note. 


INTBUSIVE  TRAP-EOCKS.  263 

The  jointa  of  the  gaadstoiie  are  in  one  place  filled  witt  asphaltum, 
vliUe  petroleum  occurs  in  globnlea  in  the  cavities  of  the  intruaive 
locks.  Even  where  these  eubatancee  cannot  be  detected,  the  dolerite, 
when  freshly  broken,  has  a  distinct  naphtha-like  odour,  as  if  the  melted 
lock  had  invaded  the  carbonaceous  beds  and  become  impregnated  with 
the  products  of  their  distillation.'''' 

■J.  DykoB  and  Taina. 
It  frequently  happens  that  the  tine  of  least  reaislance  \o  the  up- 
ward movement  of  melted  lock  beneath  the  surface  haa  not  liun  aloi^ 
the  planes  of  stratification,  but  at  a  greater  or  lesg  angle  to  these  planes, 
along  fisanrea  of  the  rocks.  In  such  csaee,  instead  of  intrusive  sheets, 
we  have  dyke$  and  veint.  When  the  injected  mass  has  risen  along  an 
opened  fissure,  and  solidified  there  as  a  wall-like  intruMon,  it  is  called 
a  dyke.  When  its  path  has  been  less  regularly  defined,  and  penetrates 
the  eunounding  rocks  in  a  wavy  thread-like  fashion,  this  irregular  pro- 
tnuioii  is  colled  a  vein.  Between  theee  two  forms,  however,  there  is 
no  essential  difference  ;  many  dykes  send  out  veins,  and  sometimes 
whit  would  be  called  a  dyke  at  one  part  of  its  course  passes  into  what 
would  be  termed  a  vein  at  another.  As  a  rule,  however,  we  may  say 
that  veins  occur  in  the  vicinity  of,  and  in  connection  with,  large  intru- 
aive manes  of  igneous  rocks,  while  dykes  frequently  abonnd  where 
there  is  no  other  evidence  of  any  igneous  rock  at  or  near  the  surface. 


Veins  vary  in  size  from  mere  strings  or  threads  up  to  branching 
an«s,  many  feet  or  yards  in  thickness.     As  already  remarked,  they 

•  Sn  Jtfan.  OcoL  Sura.,  Geology  of  Bdln.,  p.  lit. 
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occur  most  commonly  in  connection  with "  some  larger  intrusive  mass, 
not  unfrequently  proceeding  from  dykes.  They  can  seldom  be  tewed 
fiar,  differing  in  this  respect  very  markedly  from  dykes.  Sometimes 
they  are  foimd  to  rise  through  a  mass  of  rock  and  pass  into  an  over- 
lying sheet  of  trap,  as  if  they  had  been  the  pipes  or  channels  through 
which  the  sheet  had  been  erupted.  While  dykes  are  either  vertical  or 
highly-inclined  wall-like  masses,  veins  may  occur  at  any  angle,  or  may 
even  run  horizontally  between  strata,  as  if  they  were  themselves  beds. 
Hence  veins  may  pass  into  intrusive  sheets.  It  often  happens  that 
veins  subdivide  into  two  or  more  branches,  whether  their  coarse  be 
vertical  or  horizontal. 

Dykes  vary  in  thickness  from  less  than  a  foot  to  seventy  feet  or 
more.  They  usually  ascend  either  vertically  through  the  rocks  which 
they  traverse,  or  at  a  high  angle.  Sometimes  they  cannot  be  traced 
horizontally  more  than  a  few  feet  ;  in  other  cases  they  can  be  followed 
for  thirty,  forty,  and  even  sixty  miles.  Thus,  a  well-known  dyke  fifty 
or  sixty  feet  thick  extends  from  the  coast  of  Yorkshire  in  a  straight 
line  north-west  for  at  least  sixty  miles,  cutting  in  its  course  every  for- 
mation, from  the  lower  Oolite  down  to  the  lower  Carboniferous.  How 
far  dykes  descend  into  the  earth  we  have  no  means  of  ascertaining,  and 
as  they  must  in  all  cases  have  risen  from  some  melted  mass  of  rock 
within  the  crust  of  the  earth,  there  is  no  reason  to  doubt  that,  if  we 
could  follow  them  downwards,  we  should  find  each  dyke  continuous 
imtil  it  passed  into  its  original  parent  mass. 

One  of  the  most  remarkable  features  of  trap-dykes  is  the  singular 
evenness  of  their  sides.  As  a  rule,  they  rise  through  the  other  rocks 
literally  as  walls,  the  two  opposite  surfaces  of  each  dyke  running  as 
parallel  to  each  other  as  those  of  a  wall  of  masonry,  and  usually  much 
smoother  than  a  mason's  work.  This  feature  is  often  seen  to  striking 
effect  where  the  dykes  have  risen  through  shales  or  other  soft  rocks 
which  have  been  worn  away,  so  as  to  leave  the  intrusive  rock  standing 
up  as  tall  perpendicular  walls.  Such  is  the  case  in  the  Western 
Islands,  where  also  the  reverse  may  often  be  seen,  the  dykes  having 
decayed,  and  left  open  the  long,  deep,  and  narrow  rifts  which  they  once 
filled. 

While  instances  do  occur  in  which  the  dykes  have  filled  very  un- 
even fissures,  the  prevailing  regularity  of  their  thickness  and  direction 
tends  to  show  that  the  igneous  rock  has  not  itself  been  directly  the 
cause  of  the  fissures.  These  have  much  more  probably  been  due  to 
the  action  of  a  general  powerful  agency,  of  which  the  extravasation  of 
the  igneous  rock  is  only  itself  additional  evidence.  There  is  reason  to 
believe  that  in  many,  if  not  in  most  cases,  the  fissures  existed  before 
they  came  to  be  widened  and  filled  with  intrusive  rock,  so  as  to  become 
dykes.     This  is  especially  the  case  where  they  have  not  been  mere 
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rents  in  the  cmat  of  the  earth,  bnt  rents  attended  with  the  upheaval  ot 
depression  of  one  or  both  of  the  sides — that  is  to  say,  faults.  We  find 
dykes  coinciding  with  such  lines  of  fault,  but  in  such  a  way  as  to  show 
that  the  faults  are  of  older  date,  for  the  dykes  are  found  also  to  cross 
the  faults  without  being  deflected  thereby. 

Trap-Dykes  of  Britain. — In  perhaps  no  part  of  the  world  can  these  and  the 
other  characteristic  features  of  trap^ykes  be  more  satisfactorily  studied  than  in  that 
area  of  the  British  Islands  which  extends  from  the  north  of  the  island  of  Skye  south- 
wards  through  the  midland  and  southern  tracts  of  Scotland,  the  north  of  England, 
and  the  north-east  of  Ireland.*  **  If,  starting  from  the  great  tertiary  basaltic  plateaux 
of  the  north  of  Ireland  or  of  the  Inner  Hebrides,  we  advance  towards  the  south-east, 
we  soon  observe  that  an  endless  number  of  trap-dykes,  striking  from  these  plateaux, 
extends  in  a  south-easterly  direction  athwart  our  island.  The  south-western  half  of 
Scotland  and  the  northern  parts  of  England  are,  so  to  speak,  ribbed  across  with 
thousands  of  dyketf.  These  are  most  numerous  near  the  main  mass  of  igneous  rock, 
whence  they  become  fewer  as  they  recede  towards  the  North  Sea.  Usually  a  dyke 
cannot  be  toiced  far  :  it  has  not  been  ascertained  that  any  single  one  can  be  fol- 
lowed completely  across  the  island,  though  the  well-known  Cleveland  dyke  in  the 
north  of  ^igland  runs  for  at  least  60  miles,  cutting  in  its  course  Carboniferous, 
Permian,  Triassic,  Liassic,  and  Oolitic  rocks,  till  it  reaches  the  sea  on  the  coast  of 
Yorkshire,  at  a  distance  of  more  than  200  miles  from  the  nearest  point  where  the 
sheets  of  Miocene  trap  are  now  visible.  In  Berwickshire  and  the  Lothians,  these 
6.  and  W.  or  N.W.  and  S.E.  dykes,  often  less  than  a  furlong  in  length,  are  well 
shown ;  in  Ajrrshire  they  become  still  more  numerous,  traversing  the  coalfield  and 
altering  the  coal-seams ;  in  Arran  and  Cantyre  their  number  still  increases ;  until, 
after  a  wonderful  profusion  of  them  in  Islay  and  Jura,  they  reach  the  great  vol- 
canic chain  of  the  inner  Hebrides.  From  their  manifest  intimate  connection  with 
that  chain,  from  the  fact  that  they  cut  through  all  the  formations  they  encounter 
up  to  and  including  the  Chalk,  and  that  they  cross  faults  of  every  size  that  may  lie 
in  their  way,  these  dykes  are  regarded  by  the  writer  as  of  Tertiary  age.  If  this 
inference  is  sustained,  as  it  probably  will  be  by  a  more  detailed  investigation  of  the 
north-western  districts,  it  presents  us  with  striking  evidence  of  the  powerful  activity 
and  wide  range  of  the  volcanic  forces  in  our  country  during  the  Miocene  period. 

There  are,  periiaps,  few  parts  of  the  geology  of  the  country  so  hard  to 
understand  as  tiie  extravasation  of  the  thousands  of  dykes  by  which  the  north- 
western portion  of  this  island  \&  so  completely  traversed.+  We  find  these  dykes 
rising  to  the  surface,  and  extending  for  leagues  to  a  distance  of  fully  200  miles 
from  the  nearest  point  of  the  basaltic  plateaux.  Did  they  reach  the  surface 
originally  t  If  so,  were  they  connected  with  outflows  of  dolerite,  now  wholly 
removed  by  denudation?  I  confess  that  this  supposition  has  often  presented 
itself  to  me  as  carrying  with  it  much  probability.  It  seems  to  me  unlikely  that 
so  many  thousands  of  dykes  should  have  risen  so  high  as  the  present  surface, 
retaining  there  (as  shown  by  deep  mines)  much  the  same  proportions  as  they  show 

*  The  above  remarics  in  small  type,  upon  the  trap-dykes  of  Britain,  are  fh>m  the  Presi- 
dential Address  to  Section  C  of  the  British  Association,  1867.    Dundee. 

t  Boni  felt  this  difficulty,  but  he  conceived  that  the  Assures  had  been  filled  fh>m  above 
by  muses  of  basalt,  empted  at  different  points,  and  spreading  over  the  country,  though 
now  removed  by  denudation.  He  says — **  Nous  crayons  Inflniment  probable  qne  ces  fllons 
ont  tons  h\^  fhnnte  de  mdme  [i.  e.  remplis  par.des  courans  de  lave  dans  leur  marohej,  malgr6 
les  gnrndes  dostmctions  qu'  entndne  oette  supposition,  et  qne  rarement  il  y  en  a  en  qnel- 
qoes-ans  qui  ont  it6  remplis  lat^ralment  ou  de  diSibrentes  mani^res  bixarres."  —  (7^ 
(TSoowc,  p.  278. 
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many  &thomB  down,  and  yet  that  none  of  them  should  have  reached  the  snrfaoe 
which  existed  at  the  time  of  eruption.  I  regard  it  as  much  more  probaUe  that 
some  of  them,  at  least,  rose  to  daylight,  and  flowed  out  as  couUes^  even  over  parts 
of  the  south  of  Scotland  and  north  of  England,  where  all  trace  of  such  surfiea 
masses  has  long  been  removed.  Some  of  the  surface-masses  of  doleiite  in  these 
districts  may  indeed  be  of  Tertiary  age ;  yet  the  proofs  which  the  great  Miooe&e 
basaltic  plateaux  present  of  enormous  denudation  are  so  striking  as  to  make  the 
total  disappearance  of  even  wide  and  deep  lava-currents  quite  conceivable. 

But  a  much  more  serious  difficulty  remains.  These  dykes,  as  a  rule,  do  not  come 
up  along  lines  of  fault,  yet  they  preserve  wonderfully  straight  courses,  even  ncrom 
fractured  and  irregular  strata.  Each  dyke  retains,  as  a  rule,  a  tolerably  uniform 
breadth,  and  its  sides  are  sharply  defined,  as  if  a  clean,  straight  fissure  had  beoi 
widened  and  filled  up  with  solid  rock.  More  than  this,  they  are  found  catting 
across  laige  faults  without  any  deflection  or  alteration.  In  short,  no  kind  of 
geological  structure,  no  change  in  the  nature  of  the  rocks  traversed,  seems  to  make 
any  difference  in  the  dykes.  These  run  on  in  their  straight  and  approximately 
pu^el  courses  over  hill  and  valley  for  miles.  The  larger  faults  of  this  country 
tend  to  take  a  north-easterly  trend,  and  correspond  in  a  general  way  with  the 
strike  of  the  formations.  At  right  angles,  or  more  or  less  obliquely  to  these,  are 
numerous  faults  of  lesser  magnitude,  which  follow  roughly  the  dip  of  the  rocks. 
But  though  these  different  systems  of  fissures  already  existed,  and,  as  we  might 
suppose,  would  have  served  as  natural  pathways  for  the  escape  of  the  subterranean 
melted  rock  towards  the  surface,  the  latter  rose  through  a  new  series  of  f^actuiea, 
often  running  side  by  side  with  those  of  older  date.  How  were  these  new  frac- 
tures produced,  and  how  is  it  that  they  should  run  through  all  formations,  up  to 
and  including  the  older  parts  of  the  Miocene  basalts,  not  as  faults,  with  a  tlm>w 
on  one  side,  but  as  clean  straight  fissures,  with  the  strata  at  the  same  level  on  eadi 
side  T  I  do  not  pretend  to  answer  these  questions.  Let  me  only  remark  that,  had 
the  trap-rock  been  itself  the  disrupting  agent,  it  would  have  risen  through  the  older 
fractures  which  already  existed  as  the  planes  of  least  resistance.  The  new  fissures 
must  be  assigned  to  some  far  more  general  force,  of  the  action  of  which  the  trap 
itself  perhaps  furnishes  additional  evidence." 

Iiithologioal  obaraotera  of  Trap-dykes  and  Veins. — The  rocks 
which  occur  in  the  fonn  of  dykes  are  usually  of  the  pyroxenic  division 
— dolerite,  melaphyre,  or  diabase.  More  rarely  diorite  is  found  in  this 
form,  and  still  more  uncommonly  members  of  the  felspatbic  division. 
All  these  rocks,  however,  occur  as  veins. 

As  in  intrusive  sheets,  the  internal  parts  of  dykes  are  usually  more 
coarsely  crystalline  than  the  outer  portions.  They  are  occasionally 
minutely  amygdaloidal,  the  kernels  being  arranged  in  lines  paralld 
with  the  sides  of  the  dyke.  Such  lines  of  kernels  are  most  marked 
along  the  centre  of  the  dyke,  and  diminish  in  number  and  in  the  size 
of  the  kernels  as  they  approach  the  edges.  Among  dykes  of  dolerite 
the  closeness  of  grain  sometimes  proceeds  to  such  a  d^ree  that,  alcmg 
the  outer  surfaces,  the  rock,  where  it  comes  in  contact  with  the  sur- 
rounding rocks,  passes  into  a  black  glassy  or  pitch-like  substance,  called 
tachyliU,  This  external  coating  varies  from  a  mere  film  up  to  nearly 
an  inch  in  thickness.  It  has  been  confounded  with  pitchstone,  whidi 
externally  it  closely  resembles,*  but  true  pitchstone  is  a  highly  siliceous 

*  This  mistake  has  been  made  by  even  so  good  a  mineralogist  as  Dr.  XaccuDoch.    8e« 
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rock,  while  tachylite  is  quite  basic  The  latter  is  the  glassy  form  of 
dolerite  (or  basalt),  while  the  former  is  the  glassy  form  of  felstone  or 
one  of  the  acidic  rocks.  The  glassy  film  on  the  edge  of  these  dolerite 
djkes  is  probably  due  to  the  rapid  cooling  of  the  mass  where  it  came 
in  contact  with  the  surrounding  rock.  Reference  has  already  been 
made  to  the  artificial  fusion  of  a  doleritic  rock,  and  the  production 
of  a  black  pitchstone-like  glass  by  quick  cooling.^  Sometimes  the 
line  of  fissure  occupied  has  served  for  more  them  one  protrusion  of 
igneous  rock.  This  gives  rise  to  what  may  be  termed  a  compound 
dyke,  where,  instead  of  one  rock  occupying  the  whole  of  the  fissure, 
there  are  two  or  more  parallel  strips  of  different  rocks.  This  may  be 
noticed  among  the  tertiary  dykes  of  Skye  and  other  'parts  of  the  Western 
Highlands.  The  same  dyke  sometimes  contains  dolerite  and  basalt,  or 
dolerite  and  syenite,  the  one  rock  having  been  injected  after  the  injec- 
tion and  consolidation  of  the  other. 

Varieties  of  Btruoture. — In  some  cases  it  happens  that  a  dyke 
consists  of  an  amorphous  mass  of  rock,  with  no  very  well-marked 
divisional  planes.  But  as  a  rule  dykes  are  traversed  by  joints,  of  which 
two  sets  are  often  well  developed,  one  crossing  the  dyke  fix)m  side  to 
side,  at  right  angles  to  its  course,  the  other  running  parallel  with  the 
length  of  the  dyke.  These  two  systems  are  perhaps  better  displayed 
in  dolerite  dykes  than  in  dykes  of  any  other  rock.  The  longitudinal 
series  is  now  and  then  so  strongly  marked  in  these  dykes  that  the  rock 
looks  as  if  it  consisted  of  a  series  of  thin  strata  placed  on  end.  A  less 
common  feature,  but  one  which  is  also  more  frequent  among  dykes  of 
dolerite  or  basalt,  is  the  colunmar  structure.  When  a  dyke  shows  this 
structure,  the  columns  (hexagonal  or  polygonal,  or  sometimes  rather 
inegular)  strike  at  a  right  angle  from  the  cooling  surfaces,  that  is  from 
each  side  of  the  dyke,  inwards  towards  the  centre.  Sometimes  the 
columns  do  not  reach  the  centre,  which  shows  an  irregularly  jointed 
stmcture.  In  other  cases  they  meet  in  the  centre,  but  not  symmetri- 
cally, those  from  the  one  side  not  being  continuous  with  those  from 
the  oth^r,  but  joining  them  along  a  more  or  less  irregular  and  indefinite 
line.  But  in  some  examples  each  column  or  prism  can  be  followed 
completely  across  the  dyke  from  side  to  side.  The  columns  are  of  course 

bis  dassijUxUion  of  Rocks,  p.  526.  Professor  Jameson  has  committed  the  same  error  in 
his  Gtotogy  of  Dumfriesahire  (p.  115),  where  he  speaks  of  pitchstone  passing  into  basalt 
among  the  Sflniian  rocks  of  Galloway. 

*  The  experiments  of  Sir  James  Hall,  in  the  early  part  of  this  oentnry,  were  the  earliest 
in  wfaidi  i^ysical  and  chemical  research  was  employed  in  the  service  of  geology.  He  fused 
a  nomber  of  the  "  whinstones,'*  or  angitic  trai>-rocks  of  the  neighbourhood  of  Edinbargh, 
and  produced,  by  rapid  cooling,  a  black  glass,  and  by  slow  cooling  a  crystalline  mass 
closely  resembling  the  original  rock.  In  his  remarkable  memoir,  in  which  these  experiments 
were  described  (Tram.  Roy.  Soc^  Edin.,  1798,  vol.  v.,  p.  48),  he  referred  to  the  occarrence  of 
a  Titreoos  external  sorCsce  on  some  of  the  dykes  of  Monte  Somma  obsenred  by  himself.  The 
aame  experiments  have  since  been  repeated  with  similar  results. 
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horizontal  wlien  the  dyke  is  vertical,  just  as  they  are  vertical  when  tie 
sheet  or  bed  in  which  they  occur  is  homontaL  In  either  case  ther 
spring  from  the  planes  of  cooling,  which  in  the  dyke  are  its  two  walk 
and  in  the  sheet  its  upper  and  under  surfaces.* 

Alteration  of  Contiguous  Bocks  by  Dykes  and  Veins. — ^The  same 
appearances  of  metamorphism  are  often  visible  along  the  edges  of  dyk^ 
as  already  mentioned  in  the  case  of  amorphous  masses  and  intrusive 
sheets.  The  most  common  change  is  the  hardening  of  the  contiguous 
rocks,  shales  passing  into  porcellanite  or  flinty-slate,  sandstones  inio 
quartzite,  and  so  on.  Sometimes  a  columnar  structure  is  developed  in 
the  rocks,  as  in  the  sandstone  next  a  dolerite  dyke  near  Glasgow.  Coal 
suffers  greatly,  being  converted  into  a  kind  of  soot  close  to  the  dyke ; 
into  charred  cinder  or  "  clinker  "  a  little  further  off,  then  into  **  bynd 
coal,''  or  a  form  of  anthracite,  until  the  ordinary  character  of  the  seam 
is  resumed,  but  sometimes  not  at  a  less  distance  than  thirty  or  forty  yards. 
New  minerals  are  likewise  developed  under  favourable  circumstance. 
Calc-spar,  bitter  spar,  garnet,  analcime,  galena,  pyrites,  and  other 
minerals  are  occasionally  found  well  crystallised  in  the  rocks  bordering 
a  dyke.t  Cases  abound,  however,  where  the  amount  of  visible  altera- 
tion along  the  sides  of  dykes  is  very  trifling,  or  where  no  alteration  can 
be  detected  at  all.  The  lias  shales  of  Pabba,  in  the  Inner  Hebrides,  are 
traversed  by  many  basalt  dykes,  but  they  are  scarcely  even  a  little 
hardened.  These  variations  would  largely  depend  upon  the  natnre  and 
condition  of  the  rock  to  be  operated  upon,  as  well  as  on  those  of  the 
heated  rock  or  vapours  which  rose  through  the  Assure. 

B,  Neoks, 

It  sometimes  happens  that,  as  a  result  of  great  denudation,  the  pipe 
or  orifice  is  disclosed  by  which  sheets  of  melted  rock  or  showers  of  dust 
and  stones  have  been  ejected  from  below — in  other  words,  the  chimney 
of  the  old  volcano.  Such  orifices  are  not,  however,  now  empty,  but  are 
always  filled  with  some  kind  of  trappean  material  In  this  condition 
they  are  called  necks.  They  may  be  choked  up  either  with  some  fonn 
of  crystalline  or  of  fragmental  rock,  according  to  the  nature  of  the  final 
eruptions.  They  are  usually  of  an  oval  or  irregularly  roimded  form  on 
the  surface,  and  vary  in  breadth  from  a  few  feet  to  two  or  thrte 
hundred  yards.  They  of  course  descend  to  an  unknown  depth  below, 
and  they  must  once  have  risen  higher  than  the  present  surface,  which  is 
one  of  extensive  denudation.  As  it  is  only  owing  to  the  results  of  de- 
nudation that  any  are  visible  at  all,  the  number  we  can  see  most  bs 
very  much  smaller  than  the  number  buried  under  overlying  rocks. 

Where  no  important  subsequent  disturbance  of  the  crust  of  the 
earth  has  taken  place  at  the  locality,  a  neck  descends  vertically  or 

•  See  miU,  p.  182.         f  See  Henslow,  Cambridge  Tmn$.  i.,  410 ;  Sedgwick,  Op.  ctt.  IL,  175 
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nearly  so  into  the  interior  of  the  earth.  But,  if  any  great  moTement  of 
the  rocks  has  happened^  the  neck  may  be  inclined  at  a  considerable 
augle  with  the  horizon.  So  that  a  neck  coming  through  horizontal,  or 
gently  inclined  strata,  will  always  be  approximately  vertical,  while,  if  the 
fetrata  are  subsequently  tilted,  the  neck  will  be  proportionately  inclined 
to  the  horizon,  though  of  course  remaining  perpendicular  to  the  bedding  of 
the  stratified  rocks.  All  igneous  rocks,  whether  interbedded  or  intrusive, 
when  once  they  have  consolidated  into  rock-masses,  are  subject  to  the 
same  subsequent  fractures  and  tiltings  as  the  rest  of  the  crust  of  the  earth. 

Necks  sometimes  entirely  consist  of  felstone,  diorite,  melaphyre, 
porphyrite,  or  some  other  species  of  the  crystalline  trap-rocks.  In  such 
cases  the  rock  is  usually  more  compact,  and  occasionally  more  largely 
crystalline,  than  the  sheets  of  the  neighbourhood.  At  other  times  the 
necks  are  found  to  be  made  up  wholly  of  a  coarse  trappean  agglomerate, 
in  which  large  blocks  of  melaphyre,  porphyrite,  etc.,  are  mingled  with 
fragments  of  the  contiguous  or  under-lying  rocks,  in  a  rough  gravelly 
base  of  trap-tuffi  To  such  agglomerate  necks  masses  of  slaggy  mela- 
phyre are  sometimes  found  adhering  externally,  indicating  the  nature 
of  some  of  the  previous  ejections  before  the  orifice  became  finally  choked 
up  with  the  coarse  volcanic  detritus. 

Where  a  section  of  the  rocks  surroxmding  one  of  these  necks  can  be 
examined,  the  former  are  foimd  to  be  much  affected.  In  the  first  place, 
we  find  it  to  be  a  very  general  rule  that  strata  are  bent  down  so  as  to 
dip  into  the  neck  all  round  its  margin.  This  is  the  reverse  of  what  we 
might  hare  expected,  yet  it  has  been  found  to  be  almost  invariably 
the  case  wherever  the  writer  has  been  able  to  examine  the  line  of 
junction.  In  the  second  place,  the  surrounding  rocks  are  altered 
evidently  by  the  influence  of  great  heat,  and  probably  too  of  gaseous 
and  other  vapours.  Sandstones  are  hardened,  and  have  a  broken 
blistered  look  ;  shales  are  changed  into  jaspery  textures  ;  coal-seams  are 
completely  charred,  and  destroyed  for  some  distance  round  the  neck. 


Fig.  106. 
Seotf on  of  poiphyrite  neck.    Hftddingtonshire. 

In  Fig.  105  is  shown  a  section  of  a  small  "neck"  of  porphyrite 
in  lower  carboniferous  sandstones  on  the  shore  near  the  mouth  of  the 
Tyne,  Haddingtonshire.*  The  way  in  which  the  beds  dip  in  towards 
the  neck  can  be  examined  in  detail  along  the  beach. 

*  Mem.  GtoL  5«rp.~Geolog7  of  East  Lothian,  p.  40. 
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B.— FRAOMENTAL. 

It  is  usual  to  exclude  altogether  the  fragmental  forms  of  trap  from 
the  intrusiye  series.  Yet,  from  what  has  been  said  in  the  immediatelj 
preceding  paragraphs,  the  student  will  perceive  that  fragmental  rocks 
occur  as  nech,  and  in  that  form  are  truly  intrusive  in  relation  to  the 
rocks  which  they  traverse.  The  intrusive  character  of  these  necks  or 
volcanic  orifices,  however,  differs  from  that  of  most  ciystalline  intrusive 
trap-rocks,  inasmuch  as  the  necks  plainly  point  to  the  action  of  true 
volcanoes,  and  not  only  so,  but  show  us  the  nature  of  the  material  which, 
ejected  from  the  chimney  of  the  volcanic  focus,  fell  back  into  it  again,  and 
finally  consolidated  there,  so  as  to  fill  up  the  pipe,  whUe,  on  the  other 
hand,  the  portions  of  the  intrusive  crystalline  trap-rocks  now  visible  con- 
solidated at  some  depth,  and  did  not  reach  the  surface,  nor  in  many 
cases  were  connected  with  volcanic  action  at  all. 

The  fragmental  materials  filling  many  old  volcanic  chimneys,  and 
now  forming  necks,  consist  of  a  coarse  tumultuous  agglomerate.  The 
stones  vary  lithologically,  according  to  the  nature  of  the  crystalline  trap- 
rock  which  happened  to  be  in  fusion  below  at  the  time  of  the  eruptions, 
and  according  to  the  character  of  the  rocks  through  which  the  volcanic 
pipe  was  blown  open.  Sometimes  the  agglomerate  consists  of  blocks  of 
porphyrite,  red  sandstone,  red  marl  and  shale,  imbedded  in  a  rough 
paste  of  the  same  materitds  still  further  comminuted.  In  other  places 
it  is  made  up  of  blocks  of  melaphyre,  diabase,  white  and  grey  sandstone, 
dark  shale  and  limestone.  In  the  broad  carboniferous  valley  of  Ajr- 
shire  the  writer  has  found  even  a  fragment  of  granite  in  one  of  these 
agglomerates,  where  the  nearest  granite,  either  in  place  or  in  any  con- 
glomerate, must  be  at  a  great  depth. 

While,  probably,  most  necks  of  fragmental  materials  consist  of 
coarse  unstratified  trappean  agglomerate,  they  are  sometimes  composed 
of  finer  tuff,  and  in  such  cases  the  tuff  is  pi^ly  stratified.  The  strati- 
fication, however,  is  of  a  most  remarkable  and  insular  kind.  The 
beds  (which  are  often  well  marked)  dip  in  all  directions,  and  at  all 
angles,  frequently  being  on  edge.  The  sandstones  around  the  edges 
of  the  neck  are  much  hardened,  and  portions  of  them  project  into,  and 
have  been  enveloped  in,  the  tuff.* 

The  remarks  made  in  the  previous  section  of  this  chapter  as  to  tiie 
size  of  necks,  their  external  form,  and  their  effects  on  surroimding 
stratified  rocks,  are  equally  true  where  the  necks  consist  of  agglomerate. 

In  a  few  instances  veins  of  agglomerate,  similar  to  that  of  the  necks, 
have  been  observed  filling  up  cracks  of  the  surrounding  rocks. 

Necks  of  coarse  agglomerate  rise  abundantly  through  the  carboni- 
ferous rocks  of  the  midland  valley  of  Scotland,  particularly  in  Ayrshire, 

*  See  Gtohffical  Survey  Mmcin-Qtologj  of  East  Lothian,  p.  4i. 
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where  thej  are  mainly  of  Permian  age.*     A  plan  of  one  of  these  necks, 
traversing  lower  carboniferous  strata  on  the  shore  at  Dnnbar,  is  shown 


20*_  25* 
Fig.  106. 
Oroand-plan  of  part  of  a  neck  of  tnff  in  Lower  Carboniferons  Sandstone.    Dunbar. 

▲.  Lower  Carboniferons  sandstone.  The  parallel  lines  mark  the  strike  of  the  strata, 
which  dip  at  an  angle  of  20'-6'  in  the  direction  of  the  arrows.  The  cross  lines  ronnd  the 
wan  of  the  neck  indicate  the  extent  of  the  indnration  of  the  sandstone. 

B.  Tatf,  well  stratified  in  places,  dipping  in  varions  directions,  as  shown  by  the  arrows, 
and  at  angles  rarjring  fh>m  50'  to  90*.  Tungnes  of  the  sandstone  protnide  into  the  neck, 
and  fragments  of  the  same  rock  are  enclosed  in  it. 

in  fig.  106.    The  sandstones  round  the  agglomerate  are  much  hardened, 
and  portions  project  from  tbe  walls  of  the  cavity  into  the  agglomerate, 


Fig.  107. 
Section  of  neek  of  agglomerate.    Cliff  between  Portmsh  and  Giant's  Causeway. 

eo  as  to  look  on  the  ground-plan  like  veins.    Another  neck  is  shown  in 
section  on  Kg.  107.    It  was  sketched  by  the  writer  during  an  ex- 

*  For  descriptions  of  Tolcanic  necks  see  Gtol.  Mag.,  toL  iii  p.  348;  Mumoin  <^f  Gwl. 
Smrvty,  Scotland,  sheet  33,  pp.  43,  44 ;  sheet  14,  p.  2S. 
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cursioQ  with  Mr.  Jukes  along  the  coast  of  Antrim,  and  occotb  on  the 
line  of  cliff  between  Portrush  and  the  Giant's  Causeway.  A  cavity, 
measuring  about  fifty  yards  across  at  the  top,  has  been  blown  through 
the  chalk  (a),  and  also  through  a  previously  erupted  sheet  of  basalt  (b) ; 
and  this  cavity,  after  perhaps  8er\dng  as  an  orifice  for  the  dischaige  of 
some  of  the  tuflfs  of  the  district,  was  finally  filled  up  with  a  coarse  mass 
of  rubbish,  consisting  of  blocks  of  basalt,  chalk,  etc^  imbedded  in  a  dirty 
green  gritty  trappean  paste. 

Though  necks  are  of  course  intrusive  and  subsequent,  in  relation  ta 
the  rocks  which  they  traverse,  they  lead  us  by  a  natural  transition  to 
the  consideration  of  the  interbedded  and  contemporaneous  Berie& 
Each  of  them  represents  the  site  of  an  old  volcano,  and  the  materials  of 
which  it  consists  remain  as  evidence  of  the  nature  of  the  volcanic  pro- 
ducts which  were  ejected  to  the  surface.  To  the  consideration  of  these 
surface  products  we  now  proceed. 

n.   INTEBBEDDBD    OB   CONTEMPOBANEOUB. 

In  the  foregoing  section  of  this  chapter  we  have  had  under  con- 
sideration the  petrological  characters  of  those  trappean  rocks  which  have 
been  erupted  and  consolidated  at  a  greater  or  less  depth  beneath  the 
surface.  Some  of  these  may  have  had  no  connection  with  volcanic 
action,  others  were  undoubtedly  associated  with  that  action.  We  have 
now  to  examine  the  modes  of  occurrence  of  those  trappean  rocks  which 
were  not  only  connected  with  the  operation  of  volcanoes,  but  were 
actually  erupted  to  the  surface  as  volcanic  products. 

In  the  first  place,  let  us  inquire  on  what  evidence  the  interbedded 
or  contemporaneous  character  is  made  out  This  evidence  is  based  not 
on  the  lithological  nature  of  the  rocks,  for,  as  already  remarked,  all 
rocks  which  are  interbedded  must  be  upward  prolongations  of  those 
which  are  intrusive — ^the  same  rock,  as  dolerite,  basalt,  or  melaphyre, 
being  found  equally  under  both  aspects.  The  leading  petrological  dis- 
tinctions of  the  present  series  are  three  : — 1st.  The  slaggy  character  of 
the  upper  and  lower  surfaces  of  the  sheets  ;  2d.  The  unaltered  character 
of  the  overlying  beds,  and  the  absence  of  any  derangement  of  them  by, 
or  of  veins  from,  the  trap-rock  below  ;  3d.  The  association  of  beds  of 
trap-tui£  The  value  of  these  characters  will  be  apparent  in  the  suc- 
ceeding pages. 

The  species  of  trap  which  occur  in  the  interbedded  form  are  not  so 
numerous  as  those  which  are  intrusive.  All  the  doleritic  rocks,  mela- 
phyre, diabase,  porphyrite,  and  felstone,  are  found  in  the  former  cha- 
racter. But  diorite,  quartziferous  porphyry,  and  hypersthene-rock  (when 
not  metamorphic),  do  not  appear  to  occur  except  intrusively.  All  these 
rocks  belong  to  the  crystalline  division  of  the  trappean  series.  Of  the 
fragmental  division  all  the  varieties  of  course  occur  in  the  interbedded 
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or  contempoTaneouB  form,  which  is  their  proper  and  normal  character, 
the  intrusive  necks  of  agglomerate  already  described  being,  although 
important,  yet  subordinate  modes  of  occurrence. 

O.   CRYSTALLINE. 

When  a  mass  of  trap-rock  has  originally  been  poured  out  at  the 
surface  in  a  melted  state,  it  has  assumed  the  character  of  a  lava-flow, 
and  its  structure  is  therefore  best  understood  when  compared  with  that 
of  recent  lava.  The  student  is  referred  to  the  chapter  of  this  Manual 
on  volcanic  action  for  information  on  this  subject  A  sheet  of  such 
rock  may  occur  singly,  overlaid  and  underlaid  with  ordinary  sedimentary 
materials,  or  it  may  form  only  one  of  a  thick  series  of  similar  beds,  with 
little  or  no  interstratified  aqueous  rocks.  In  either  case  each  single 
sheet  indicates  the  result  of  a  distinct  eruption,  or,  in  other  words,  is  a 
separate  "  flow." 

As  yet  we  have  no  very  satisfactory  method  of  determining  whether 
a  flow  has  been  poured  out  on  the  land  or  under  the  sea  Of  course 
where  one  is  met  with  among  marine  strata  we  cannot  doubt  that  it  is 
then  a  submarine  lava  ;  or  when  we  find  one  interstratified  with  fluvia- 
tile  or  lacustrine  deposits,  or  lying  upon  an  old  soil  or  terrestrial  surface, 
we  recognise  it  as  the  product  of  a  subaerial  eruption.  But,  apart  from 
such  collateral  evidence,  there  does  not  seem  at  present  to  be  any  trust- 
worthy mode  of  settling  the  question  from  the  structure  of  the  flow 
itself.  Where  the  surface  of  a  bed  is  very  rough  and  slaggy,  like  that  of 
a  recent  coulSe,  we  may  suspect  a  subaerial  origin  ;  where,  on  the  other 
hand,  the  surface,  though  still  perhaps  highly  vesicular,  is  not  so  broken 
and  uneven,  we  may  infer  a  subaqueous  eruption.  As  a  matter  of 
fact,  there  can  be  no  doubt  that  the  great  majority  of  interbedded 
igneous  rocks  met  with  in  the  earth's  crust  have  been  erupted  under 
water. 

Stmoture  of  Plows. — The  structure  of  a  "  flow  *'  is  very  commonly 
found  to  be  as  follows  : — ^The  central  part  of  the  £heet  is  a  crystalline, 
often  amygdaloidal  mass,  more  or  less  compact,  sometimes  columnar ; 
the  tipper  and  lower  surfaces  consist  of  rougher  slag-like  portions,  the 
amygdaloidal  cavities  being  there  larger  and  more  numerous,  and  drawn 
out  irregularly,  more  especially  along  the  upper  surface  (see  Fig.  108). 
This  structure,  it  will  be  noticed,  is  very  distinct  from  the  ordinary 
aspect  presented  by  an  intrusive  sheet,  where  the  upper  and  under  sur- 
faces are  the  most  compact,  instead  of  being  the  most  rough,  open,  and 
vesicular.  It  is  not  always  so  strongly  marked,  and  there  occasionally 
occurs  an  example  where  it  is  not  easy  to  decide  merely  from  the  structure 
of  the  mass  whether  it  is  to  be  considered  as  interbedded  or  intrusive. 
This  is  more  especially  the  case  in  interbedded  sheets,  which  have 
undoubtedly  been  erupted  under  water  ;  these  have  a  tolerably  smooth 
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upper  aorfiice,  with  sometimea  little  or  no  slaggy  cliaractei.*    Tiett 
■la^7  Tippet  and  lower  iurfaces  are  characteristic  of  modern  lam, 

^      _     _  _,_ _=—_—=»     and  their  oocuiTOice 

d  g^—^^ — T'^^~~^^'^~"T-T ,  lL[l!r'~l  "^^=^^— ~  *nioiig  trap-rocks  in- 
dicates tlie  inUr- 
bedded  or  canttm- 
ponneoiu  relatiaiii 
of  the  muns  I7 
which  they  are  ex- 
hibited. 

Another  feaUn 

common  to  interbed- 

<    ded  aheetB,  irhether 

':  thej  occur  liiigly  or 

In  a  thick  series,  ii 

"^■^H— :'■       ~~~~  '      ^"~'~T^       a  jointed  atnictnrB. 

hig.  loa.  In  some    caies   the 

BmiUod  oT  in  InUrtHddcd  oi  oouUmponnMiu  iheaL  jointa  are  Terj  irre- 

~  '     & ;  b.  oomput  c«atnl  portion ;  e.  lUggy  gular ;  uaually,  how-- 

....... .^...  ...,.  ^_..-„„j.  ^^^^^  ^^^  ^  ^^ 

marked  in  two  « 
more  Beta,  which  cross  each  other  and  extend  perpendicularly  to  the 
upper  and  lower  surfaces  of  the  sheet  Tbesejoints,  when  they  occur  with 
some  regularity,  ^ve  a 
prismatic  atractnre  to  the 
rock,  which  ini^^ases  in 
symmetry  until  it  passes 
into  the  perfectly  colum- 
nar arrangement,  aa  in 
the  dolerite  of  the  Isle 
of  Staffa  and  the  Giant's 
Causeway.  Occasionally 
the  columna  are  bent, 
wavy,  or  even  arched. 
Some  beautiful  examples 
of  Buch  curved  columns 

may  be  seen  in  several  Pig.  iw. 

parts  of    the    ehtSa 
Staffs  (Fig.  109).     It 
a  common  mistake  to  call  this  columnar  atructure  batcUHe.     Baaslt, 
indeed,  ia  very  often  columnar  ;  but  dolerite,  diorite,  felstone,  porphy- 

le  built  (hMta  or  OirgoTli  ta  AavtrgiH. 
ttj  Ilka-bottom  ot  tbe  LI  magne  d'AanrgMi 
dn  ihset  nChar  tliui  ta  liit«ibedd«d  lor. 
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rite,  and  pitehatone,  also  exhibit  the  game  stractura.  The  eoluimu 
alwajt  spring  from  the  upper  and  tower  snrfacea  of  the  bed,  that  it, 
from  the  original  anriacea  of  cooling,  and  when  they  are  bent  they 
indicate  a  slight  additional  movement  of  the  atkll  viscid  maag  after 
they  were  formed,  or  while  they  were  forming. 

Reference  has  already  been  made  to  the  amygdaloidal  teitnre  of 
int«rbedded  trap-rocks.  Thia  is  one  of  their  characteristic  though  not 
peculiar  featnrea.  Wlien  amjrgdaloidal  aheeta  are  cai«fnlly  examined, 
th^  often  show  that  the  vesicleB  in  which  the  amygdaloidal  kernels 
are  contained  are  elongated  in  a  particular  direction,  especially  along 
the  top  of  the  bed.  Theae  veaiclea  were  formed  by  the  exponuon  of 
eteam  imprisoned  witlun  the  melted  rock  at  the  time  of  its  emission, 
and  their  elongation  shows  the  line  along  which  the  rock,  whUe  still 
nncongealed,  was  moving. 

B«latton  of  a  Tlow  to  its  OrerlTlns  BtntUed  Hooka. —  When  a 
flow  or  sheet  of  interbedded  trap-rock  occurs  singly  among  stratiiied 
deposits  it  presents  features  distinct  from  those  which  mark  the  occur- 
rence of  an  introsive  sheet  The  strata  nndemeath  it  an  not  usually 
caught  into  it  in  angular  projections  and  tcagments,  nor  is  the  line  of 
demaication  between  the  igneong  and  aqueous  rock  a  sharp  and  even  one. 
Hie  lower  rarface  of  the  tiap  is  almost  always  more  or  less  uneven  (see 
Tig-  10S),8nd  the  underlying  stratnm  fills  up  the  hollows  or  wraps  round 
the  projectiona  of  the  tiap  in  such  a  way  as  we  might  antidpate  would 
happen  where  a  heavy  mass  of  melted  rock  rolled  over  a  floor  of  only  par- 
tially consolidated  sediment  Sometimes  the  strata  below  the  trap  ore  har- 
dened, aomettmea  they  do  not  seem  ta  have  sufFered  at  alL  The  strata 
overlying  the  igneous  rock  afford  evidence  of  having  been  laid  down  upon 
that  rock,  and  not  of  having  been  displaced  by  its  intrusion  below  them. 
(See  Fig.  1 10.)    They  are  not  altered.    They  fill  in  all  the  irregularities 


Fig.  110.    (JokM.) 

B.  Stntdflcil  lock,  ths  laminatloD  of  which  eontoniiB  to  tbt  ngetd  iiufUM 

of  T,  >  trap,  in  anch  a  mj  u  to  ilunr  tint  It  mt  dapodtcd  upon  iL 

of  the  trap,  and  in  many  cases  contain  little  grains  or  pebbles  of  it 
Instances  occur  where  Qte  trap  in  cooling  has  cracked,  and  where  the 
cracks  have  subsequently  been  filled  up  by  the  sediment  which  was 
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gathering  over  the  hardened  flow  (Fig.  1 1 1).  The  sediment  in  such  case 
is  stratified  horizontally,  and  even  shows  false-bedding,  so  that  at  first 


Fig.  111. 

Cracks  in  an  iuterbedded  porpbyrite  flow,  filled  in  with  sandstone  from  above. 
Old  Bed  8andst(ms.    Tumbeny  coast,  Ayxshire. 

sight  the  vertical  "  dykes''  (so  to  speak)  of  sandstone,  look  like  pieces  of 
a  broken  sandstone  stratum  involved  in  the  trap.  It  is  only  when  a 
series  of  them  is  seen  that  they  are  found  to  occupy  rude  star-shaped 
cracks  of  the  igneous  rock,  to  be  all  stratified  in  the  same  general  plane 
as  the  strata  above  and  below,  and  to  show  that  they  could  only  have 
been  washed  in  originally  before  the  strata  overlying  the  trap  were  laid 
down.* 

Sometimes  we  meet  with  a  single  sheet  of  interbedded  trap  interca- 
lated among  ordinary  sedimentary  strata,  and  with  no  other  igneous  rock 
for  some  distance  either  in  the  series  of  strata  below  or  in  that  above  it 
Such  solitary  sheets  are  exceptional.  Some  good  examples  occur  in  the 
coalfield  of  Borrowstoimness,  where  independent  sheets  of  doleritic  trap 
are  intercalated  among  the  coal-bearing  strata.  These  sheets  vary  from 
4  to  265  feet  in  thickness.  In  one  coal-pit  a  total  thickness  of  391  feet 
of  crystalline  trap-rock  was  passed  through,  between  and  below  which 
the  coal-seams  were  foimd  to  be  quite  unaltered,  t 

Oonseoutive  Groups  of  Flows. — In  most  cases,  however,  the  sheets 
do  not  occur  singly.  They  are  found  usually  in  a  series — sometimes  a 
few  together,  with  stratified  layers  between ;  sometimes  in  a  great  succes- 
sion of  sheets,  as  in  the  volcanic  plateaux  of  Antrim  and  the  Inner 
Hebrides ;  sometimes  in  frequent  alternations  with  sheets  of  trap-tuff 
and  trappean  conglomerate,  as  in  the  Old  Bed  Sandstone  of  Central 
Scotland.  When  contemporaneous  sheets  are  piled  over  each  other  in 
a  thick  series,  as  in  Antrim  and  the  Inner  Hebrides,  they  often  present 
great  diflferences  of  texture,  even  though  they  may  all  belong  petro- 
graphically  to  the  same  variety  of  rock.  This  alternation  of  texture 
makes  their  bedded  character  very  apparent  even  at  a  distance.  Over  a 
columnar  bed,  for  example,  will  come  a  rough  amorphous  amygdaloidal 

*  I  found  many  admirable  examples  of  this  kind  among  the  porphyrites  imbedded  in  the 
Middle  Old  Red  Sandstone  series  of  the  south  of  Ayrshire. 
X  Mem.  Gtol  Surv.—Qeol.  of  Edinbui^,  chap.  vil. 
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one  ;  then  one  wliich  from  jointing  weathers  in  clean  vertical  faces  ; 
tlien  one  made  up  of  cmred  Btarcti-lile  prisms  ;  then  another  colamiiar 
one,  and  bo  oil  Sometimes  the  bedded  form  is  farther  distingmfihed 
b^  great  differences  of  colour  among  the  beds,  or  by  the  intentratifica- 
tion  (J  one  or  more  beds  of  tuff.    The  subjoined  section  (Fig.  112)  repte- 


Flg.  lis, 
AJUnutioD  ot  bed*.    Stalk. 

D.  PrianuUc  bunlt ;  i.  tnp-toll ;  e.  colnmnu  bualt ;  il  priinutlc  mi  amorpbooi  )»u]t ; 
g.  eolonmai  liuilt. 

Bents  part  of  the  Bonth-vett  diff  of  the  Island  of  Staf^  The  lowest 
bed  is  seen  on  detached  skerries  as  a  prismatic  basalt  (a) ;  next  comes  a 
basalt-tuff  (i),  then  the  well-known  and  beantif  oily  columnar  basalt  (c),  in 
which  Pingal's  Cave  has  been  excavated.  This  is  socceeded  by  other 
beds  (d),some  rough  and  BinoiphonB,otheTsconfnsed]yprismatic.  Lines  of 
vedcnlar  or  Bcoriaceoos  texture  are  often  found  dividing  to^rahly  com- 
pact trap,  and  thej  may  uanally  be  taken  aa  indicative  of  lines  of  diviaioa 
between  different  flows — the  rough  vesicnlar  top  of  one  sheet  being 
covered  by  the  eimilarty  rongh  and  vesicnlar  bottom  of  the  next  sheet, 
eo  as  to  foim  a  vesicul^  zone  between  two  compact  beds.  That  one 
great  sheet  of  tnp  may  be  in  reality  mode  up  of  different  flows,  and 
that  eome  care  is  required  before  any  dedsion  on  this  point  may  be 
justified,  is  further  shown  by  the  fact  that  a  mass  of  trap,  which  at  one 
place  might  be  sappoeed  to  be  the  result  of  a  single  eruption,  is  found 
a  little  further  on  to  be  split  Dp  by  the  intercalation  of  some  stratified 
layers  (tuff,  sandstone,  shale,  etc),  which  perhaps  increase  in  thickness 
till  the  severed  sheets  of  the  trap  are  some  yards  apart  This  is  not  to 
be  confounded  with  the  way  in  which  intmsive  sheets  come  together  or 
split  up,  so  as  to  endoee  tapering  wedge-ehaped  masses  or  sheets  of 
obatifiedrock.  In  the  latter  case,  as  we  have  seen,  the  strata  arealtered 
or  broken  across,  whUe,  in  the  former,  the  nature  of  the  wedge  of 
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stratified  beds,  as  well  as  tlie  upper  and  under  surfaces  of  the  trap,  shov 
the  contempoianeous  character  of  the  whole  series,* 

HiU-rangu  of  Cantemporaneoui  Crystalline  Trap-rocks, — When  a 
thick  group  of  felstones,  porphjiites,  or  other  crystalline  rocks,  is  inter- 
bedded  in  any  formation,  and  inclined  with  the  other  members  of  that 
formation,  its  line  of  outcrop  is  marked  by  a  range  -  of  rounded  or 
conical  hills,  often  with  lines  of  sharp  escarpment.  Such  is  the  nature 
of  the  ground  where  the  igneous  rocks  are  intercalated  in  the  Lower 
Silurian  system  of  North  Wales,  and  partake  in  all  the  plications  and 
dislocations  of  the  sedimentary  rocks.  In  the  Old  Red  Sandstone 
series  of  Scotland,  in  like  manner,  the  contemporaneous  sheets  of  por- 
phyrite  form  important  hill-ranges,  as  the  Ochils,  Sidlaws,  and  Pent> 
lands.  In  all  these  large  masses  of  crystalline  rock  there  are  usually 
intercalations,  sometimes  on  a  great  scale,  of  trap-tuff  and  trappean 
sandstone  and  conglomerate. 

Plateaux. — ^Where  a  great  series  of  consecutive  sheets  of  contem- 
poraneous crystalline  trap-rocks,  instead  of  being  inclined  to  the  horizon, 
lie  flat  or  nearly  so,  they  give  rise  to  the  formation  of  plateaux.  The 
edges  of  these  elevated  tracts  are  sometimes  lines  of  precipice  or  steep 
escarpment,  and  sometimes  terraced  slopes,  the  terraces  being  singularly 
regular  and  formed  by  the  edges  or  outcrops  of  the  harder  sheets  of  trap. 
We  have  many  admirable  examples  of  these  forms  of  ground  in  the  great 
tertiary  basaltic  district  which  extends  through  Antrim  and  the  islands 
of  the  Inner  Hebrides,  also  in  the  carboniferous  porphyrites  of  the 
Campsie,  Kilpatrick,  Renfrewshire,  and  North  Ayrshire  hills.  On  a 
much  grander  scale  are  'the  terraced  trappean  plateaux  of  Abyssinia, 
Western  India,t  Victoria,!  and  many  other  regions. 

fi.  FRAGMBNTAL. 

Under  this  division  are  included  all  the  varieties  of  trap-to^ 
whether  fine  grained,  and  in  that  state  often  called  <^  ash,"  or  coaxae 
grained,  and  then  often  undistinguishable  from  trap-conglomerate. 
These  various  fragmental  rocks  are  to  be  regarded  as  the  consolidated 
detritus  ejected  by  former  volcanoes  either  on  the  land  or  under 
water. 

laithologieal  Varieties. — ^Trap-tuff  is  a  generic  term.  It  indndes 
tufb  derived  from  all  those  crystalline  trap-rocks  which  occur  in  the 
interbedded  form,  but  not  from  those  which  only  appear  as  intrasive 
masses.     The  reason  for  this  arrangement  is  obvious.    The  tufb  are  all 

*  The  weU-known  totdftone  of  Derbysbire,  aooording  to  ICr.  Jiikae»  aflbrdi  emnples  of 
the  onion  in  some  placet  of  flows,  which  in  other  places  are  separated  by  intercalated  atrata. 

t  See  Mr.  Blandford's  OtologUxa  Report  cf  tiU  Abyttinian  ExptdUUm  ;  also  his  Ifemolr 
on  th$  Tnpt  <if  WuUm  India. 

X  Bee  Btporti  (^tk^CMogUnaSwrveynf  Victoria,  by  Mr.  Selwyn. 
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snzfoce  ejections,  fonned  by  the  explodon  of  melted  trap-rock  which 
rose  in  volcanic  vents.  Consequently  only  those  varieties  of  crystalline 
trap  which  have  been  directly  the  products  of  volcanic  action  have  given 
rise  to  tuffs.  The  deep-seated  or  so-called  Plutonic  trap-rocks  have  not 
famished  tufEs.  Hence,  too,  while  tufb  may  be,  and  very  commonly 
are,  intimately  associated  with  contemporaneous  crystalline  traps,  they 
are  not  so  connected  with  the  iutrusive  forms.  Intrusive  masses  do 
indeed  traverse  trap-tufb  often  enough ;  but  this  is  merely  an  accident, 
and  no  more  indicates  a  relation  between  the  intrusive  rock  and  the  tuff 
than  does  the  piercing  of  sandstone  or  limestone  by  similar  intrusive 
locks. 

All  the  varieties  of  crystalline  trap-rock,  therefore,  which  occur  as 
interbedded  sheets  may  be  associated  with  tuff  originally  derived  from 
the  explosion  and  trituration  of  their  substance.  Felstone,  porphyrite, 
melaphyie,  and  diabase,  have  each  their  tuffs.  We  find,  too,  that  the 
nature  and  distribution  of  the  tufib  are  regulated  by  those  of  the  crys- 
talline interbedded  traps.  In  a  felstone  district,  for  instance,  the  tuffs 
are  felstone-tuffs  derived  from  the  volcanic  destruction  of  felstone.  In 
a  region  where  melaphyre  prevails  the  tuffs  are  melaphyre-tu£k  (green- 
stone-tuff). As  a  rule,  we  do  not  find  any  mingling  of  the  tuffs  unless 
there  happens  also  to  be  an  association  of  different  forms  of  ciystalline 
trap.  Porphyrite  and  melaphyre,  for  example,  are  foimd  together  ui  the 
west  of  Scotland,  and  there  the  fragmental  forms  are  both  melaphyre- 
tufis  and  porphyrite-tuffs,  or  sometimes  intermediate  varieties,  formed 
by  the  intermingling  of  the  two  in  different  proportions. 

The  tuffis  of  the  felspathic  series  of  trap-rocks  are  well  defined  from 
those  of  the  augitic  series.  There  seems  to  be  no  certain  rule,  how- 
ever, to  distinguish  a  tuff  of  felstone  detritus  from  one  of  porphyrite  ; 
while  in  the  same  way  the  tufib  derived  from  the  different  varieties  of 
augitic  trap  cannot  always  be  discriminated  from  each  other.  The 
latter  receive  the  general  name  of  Qreenstone-tuff  from  some 
petrographers. 

While  trap-tuff  consists  fundamentally  of  comminuted  trappean 
detritus,  it  is  often  mingled  with  a  varying  proportion  of  ordinary  sedi- 
mentary detritus.  If  we  reflect  that  in  many  cases  the  materials  of 
the  tuff  fell  into  water,  at  the  bottom  of  which  sand,  mud,  or  lime  was 
gathering  at  the  time,  we  perceive  that  the  result  must  often  have  been 
a  mingled  mass  of  sandy,  clayey,  or  calcareous  tuff,  or  of  tuffeuseous  or 
ashy  sandstone,  shale,  or  limestone.  Hence,  as  trap-tuff  is  a  mechani- 
cal mixture,  we  must  not  expect  in  its  varieties  the  same  general 
uniformity  of  composition  as  among  the  crystalHne  trap-rocks. 

Variotiefl  of  Texture  and  Stmoture. — The  same  reasons  which  lead 
us  to  look  for  no  great  uniformity  of  composition  among  the  varieties  of 
txap-tuff  suffice  to  account  for  the  great  irregularities  in  the  texture  and 


Btructoral  arrangcineiits  of  these  rocks.  Sometimes  the  tuMi  eonsiat  of 
an  eic«edinglj  fine  sand  or  powder,  which,  on  eiaminadon,  proves  to 
be  that  of  febtoce,  porphyrite,  melaphjie,  or  eome  other  varie^  of  the 
mterbedded  crystalline  trap-iocks.  Siuji  fine-grained  tu&  often  ahoir  no 
laming  and  no  very  well-marked  or  frequent  lines  of  strati&cation.  At 
.  other  times  they  ue  divided  by  layera  of  coarser  texture,  or  by  lines  ot 
detached  stones.  Tufis  frequenUy  consist  of  a  kind  of  oompaded 
gravel,  composed  of  small,  rounded,  or  sngnUf  fragmenta  or  taytlU  of 
different  kinds  of  crystalline  trap,  usually  mora  ot  less  decomposed. 
Layers  of  this  kind  o^n  alternate  with  othen  of  a  finer  texture  in 
rapid  succession,  indicatiiig  the  changing  cliaracter  of  the  showers  of 
dust  and  detritus  shot  out  by  the  old  volcano.  Again,  the  trap  frag- 
ments increase  in  size  until  the  rock  resembles  coarse  conglomerate  or 
breccia.  Among  the  fragnients  are  usually  found  pieces  of  the  n>cki 
underneath,  such  as  shale,  sandstone,  limestone,  etc  These  are 
frequently  quite  angular,  and  sometimes  of  considerable  size. 

ZSJeoted  Blocks  In  Tntf  amd  other  BbntK. — Occadonally  blocks  are 
found  in  tufi  which  consist  not  of  one  varied  of  rock  but  of  a  number 
of  Btrsta  which  had  been  shattered  by  tike  volcanic  explosion,  and 
of  which  the  disjointed  fragments  are  now  enveloped  in  the  tn£ 
Some  remarkable  examples  of  this  kind  occur  in  the  greenstone-tnff 
at  Niddiy  Castle,  Linlithgowshire.  One  of  these  (mailed  b,  in  Fig. 
113)  is  a  large  fragment   torn   off  from  an   alternation    of  shales 


...  ■<^. 


Hg.  lis. 
Eysoted  blocks,  csnilitliig  ot  ihile  la),  ud  ihils  iriUi  UmeMone  (PX  In  Ui"  gnansLone-tiiC 
orNlddiT.  LinliUigtKinliln. 

with  bands  of  a  fermginous  limestone,  locally  known  as  cement-stone, 
the  strata  being  still  afBxed  to  each  other.  Ejected  blocks  an  at 
course  most  abundant  in  the  coarser  forms  of  tuft  Bat  they  occur 
also  now  and  then  even  in  the  finest-grained  varieties,  and  their  pre- 
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eence  there  is  a  strong  proof  of  the  volcanic  origin  of  these  deposits. 
Had  these  fine  taSa  been  due  merely  to  the  transporting  power  of 
currents  of  water,  laden  with  fine  sediment  in  suspension,  there  should 
not  have  been  any  large  stones  in  them,  for  the  current  which  could 
cany  along  such  stones  would  have  been  too  powerful  to  admit  of  the 
deposition  of  fine  sediment  at  the  bottouL*  Hence  the  stones  are  to 
be  r^iarded  as  blocks,  or  sometimes  as  bombs,  which  have  been  ejected 
from  some  volcanic  orifice  at  the  time  of  the  eruption  of  the  finer 
materials  of  the  tuff.  But  extraneous  volcanically-derived  blocks  are 
not  confined  to  the  tuffs  ;  they  occur  also  even  in  the  ordinary  sedi- 
mentary strata  intercalated  in  a  trappean  series.  An  interesting 
example  was  described  by  the  writer  some  years  ago  from  the  district 
of  Burntisland,  Fifeshire.  Between  two  beds  of  melaphyre  a  series  of 
strata  is  there  interposed  to  a  thickness  of  about  thirteen  feet,  consist- 
ing of  shales,  fireclay,  sandstone,  and  a  thin  coal-seam.  In  this  group 
of  beds  there  occurred  the  section  shown  in  Fig.  114.  It  will  be  seen 
that  the  coal-seam  in  that 
figure  has  been  squeezed  ^  = 
by  the  fall  of  the  stone  ~: 
upon  it;   also,   that  the    c    r~"E"~  """^^BE^^  "i:"^^ri^  ' '^ 

layers  of  the  lower  half  of  •—     ^^^^^B^^^^j^^^ 

the  green  crumbling  clay     l  «m|M|MH^HH^MM^^^^h 

above  the  coal  are  bent         ^J^^?5^^r^^^^P-V-rV- 

down   round    the    stone,     ^  ITI^ 3_ ~. -   -  •^——-ir  Tl-Tl 

while  those  of  the  upper  FuTiuT 

half   rise    lip   to    it,  and         jyected  block  of  melaphyre.    Burntisland,  Fife, 
finally  cover  it  in  an  un-      ^  pireclay,  with  rootlets ;  b.  coal-seam,  6  or  6  Inches, 
broken  line.      It  is  clear  with  melaphyre  block  resting  on  it ;  e.  fireclay,  1  foot ; 
that  this  stone  must  have  A  «hale  (with  plants,  etc)  becoming  mixed  with  trap-tuff 

fallen  from    above,    and  *^''"^*^**^P- 

with  some  force,  so  as  to  bend  down  and  compress  the  soft  mud  and 
the  partially  consolidated  layer  of  vegetable  matter,  and  the  abundance 
of  melaphyre,  tuff,  and  other  volcanic  products  at  the  locality,  leaves  us 
no  room  to  doubt  that  the  stone  was  originally  ejected  j&om  a  volcanic 
orifice.  The  date  of  its  flight  and  faXL  is  accurately  fixed,  for  the 
stratification  of  the  clay  shows  us  that  the  event  took  place  just  when 
the  clay-bed  was  half  depositedt 

For  the  sake  of  illustration  two  additional  examples  are  given  from 
modem  volcanic  districts,  which  the  present  writer  observed  after 
he  had  described  the  foregoing  case  j&om   Fife.     In  one  of  these 

*  In  rare  eases  we  find  in  fine  aqneons  deposits  stones  which  may  have  been  carried  by 
roots  of  trees  or  by  floating  ice.  (See  aate,  p.  184.)  They  conld  only  have  had  an  extrane- 
oof  origin. 

t  OeUde,  GtoL  Mag.  i  p.  84. 
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(Fig.  115),  from  the  volcanic  island  of  Lipari,  a  block  of  obsidian,  shows 
by  its  position,  and  the  way  in  which  the  layers  of  tuff  are  bent  down 

aronnd  it,  that  it  was 

ejected  when  about 

half  the  thickness  of 

the  part  of  the  toff 

shown  in  the  sketch 

had    been    thrown 

down.    In  the  other 

case  (Fig.  116),from 


Fig.  115. 

I^ected  gfeone  in  traohyte-toA 
Island  of  Lipftri. 


.  ••  •  I 


Fig.  11«. 
one  of  the  old  tufEs    l^eoted  block  in  <ad  taff  of 
of  y esavius,  a  block       VMariBS,  a  Uttte  ImIow  tte 

of  lencitic  lava  about  five  or  six  pounds  in      Hennitage. 

weight  bore  testimony  in  the  same  manner  to  the  exad;  period  in  Uie 

history  of  the  tuff  at  which  it  was  discharged  from  the  crater. 

Among  the  blocks  found  in  trap-tuff  some  are  occasionally  met  with 
which  are  round  and  of  a  slag-like  character.  Sometimes  the  veaides  of 
such  ancient  slags  are  pulled  round  the  outside  of  the  ball,  now  and 
then  the  balls  are  hollow  or  partially  filled  with  loose  earth.  Such 
blocks  are  called  bombs,  and  are  regarded  as  having  been  thrown  off  in 
a  melted  state  from  a  surface  of  ebullient  lava. 

Among  the  contents  of  trap-tuff  are  sometimes  found  crystals  of 
different  minerals,  which  have  been  originally  erupted  along  with  the 
other  loose  materials  of  the  tuff.*  They. give  a  pseudo-porphyritic 
aspect  to  the  tuff  On  examination,  however,  such  crystals  (felspar, 
augite,  etc)  will  be  found  usually  more  or  less  iigured,  rounded,  or 
broken,  though  sometimes  perfect,  like  the  perfect  crystals  of  augite  in 
the  old  tuffs  of  Monte  Somma. 

It  is  not  uncommon  among  the  greenstone  tuffs  of  Scotland  to  meet 
with  angular  chips  and  fragments  of  fossil-wood,  which  on  microscopic 
examination  proves  to  be  of  coniferous  character.  Such  fragments  are 
not  uncommon  in  the  tuff  of  Largo,  Fifeshire,  and  they  occur  abun- 
dantly in  that  of  St.  Magdalens,  Linlithgow.  They  are  not  found  along 
with  other  parts  of  a  previous  f ossilifeious  stratum,  which  might  be 
supposed  to  have  been  shattered  into  fragments  by  a  volcanic  explosion. 
On  the  contrary,  they  are  sometimes  found  where  no  piece  of  sandstone 
or  other  ordinary  aqueous  rock  is  to  be  seen,  and  in  such  a  way  aa  to  sug- 
gest that  they  are  original  fossOs  in  the  tudff  It  is  not  easy,  however, 
to  account  for  their  chip-like  angular  character.t  They  are  not  to  be 
confounded  with  the  plant-remains  sometimes  found  in  considerable 
abundance  deposited  regularly  in  tuff,  as  in  sandstone  and  shale,  to  whidi 
reference  will  be  immediately  made. 

•  Bee  Ramsay's  Memoirs  on  N.  Walea— Ifem.  Geol  Swrv.,  liL,  p.  81. 
t  I  have  noticed  similar  firagmente  of  lignite  in  tiie  trass  of  the  Biohl  Thai 


FOSSILS  IN  TRAP-TUFF.  283 

OiKMMricmftl  PossSliferotw  Oluuraoter  of  Trap-tufEl— We  have  seen 
that  where  the  materialB  of  toff  have  faHsn  on  localities  where  ordinary 
sand  or  mnd,  or  other  sediment,  was  accnmolating  at  the  time,  the  tuff 
has  necessarily  become  intermingled  with  those  sedimentary  deposits. 
In  like  manner,  if  the  volcanic  dost  and  stones  fell  on  places  where 
plants  or  animals  were  living,  or  where  their  remains  were  being 
gathered  together,  the  tuff  there  formed  would  entomb  and  preserve 
these  organic  remains,  and  thus  become  foisilifsrous.  This  has  in  effect 
happened  very  frequently  in  geological  history.  The  massive  tuffs  of 
the  Lower  Silurian  system  of  Wales  often  contain  crinoidal,  molluscan, 
crustacean,  or  other  organic  remains,  and  sometimes  in  such  abundance 
as  to  pass  into  a  kind  of  impure  limestone.  The  tuffs  of  the  Carbon- 
iferous sjTStem  of  the  Lothians  sometimes  contain  in  well-preserved 
specimens  the  ferns,  calamites,  sigillarisd,  and  other  characteristic  plants 
of  that  formation.  In  the  same  region,  too,  we  sometimes  see  how  the 
corals,  crinoids,  and  shells  of  the  Carboniferous  limestones  were  killed 
on  the  sea-bottom  by  showers  of  tuff,  and  how  their  survivors  again 
spread  themselves  over  the  new  floor  of  tuff,  and  lived  and  died  for 
generations,  forming  by  their  accumulated  remains  a  fresh  bed  of  lim&- 
stoue,  until  anew  interrupted  by  other  volcanic  discharges. 

Pasaace  of  Trap-tuff  into  other  Books. — ^From  what  has  now  been 
said  it  will  be  seen  that  tuff  may  readily  pass  into  sandstone,  clay,  shale, 
limestone,  or  other  sedimentary  rock.  This  happens  both  vertically  and 
horixontally.  If  the  materials  of  a  bed  of  tuff  began  at  first  to  be 
erupted  very  gently,  and  fell  on  a  bottom  where  sand  was  accumulating, 
there  would  first  be  a  gradual  mingling  of  the  sand  and  tuff  :  if  the 
dischaiges  became  more  copious  and  abundant  the  sand  would  cease  to 
be  traceable,  and  a  bed  of  tuff  would  cover  it ;  while,  if  the  final 
diowers  diminished  gradually,  there  would  be  a  second  mingling  of  the 
materials  of  this  tuff  with  the  ordinary  sediment.  In  this  way,  if  we 
examined  a  section  of  the  deposits,  we  should  find  that  a  sandstone 
passed  up  into  a  tuff,  and  that  the  tuff  passed  up  into  sandstone,  shale, 
or  other  aqueous  rock.  Similarly,  at  the  extreme  limits  of  any  shower 
of  volcanic  detritus  there  would  be  a  mingling  of  that  detritus  with  the 
contemporary  sediments,  so  that  when  we  can  trace  the  horizontal 
aztenrion  of  a  bed  of  tuff  we  may  naturally  expect  to  find  it  passing 
into  some  other  sedimentary  rock— -the  place  where  the  passage  takes 
place  indicating  the  limit  to  which  the  volcanic  shower  reached  in  one 
diiecticm. 

The  student,  in  the  course  of  his  reading,  especially  among  the 
earlier  treatises  an  geology,  wiU  often  meet  with  statements  that  tuff 
passes  into  basalt,  melaphyre,  or  other  variety  of  crystalline  trap.  All 
Bach  statements,  in  so  &r  as  they  imply  an  original  passage  of  the  one 
rock  into  the  oilier,  are  erroneous,  and  proceed  from  ignorance  of  the 
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true  nature  and  distinction  of  crystalline  and  fragmental  igneous  rocks. 
It  might  with  equal  truth  be  said  that  a  ooul^  of  molten  lava  passes  into 
the  loose  ash  which  is  simultaneously  ejected.  The  error  seems  to  hare 
arisen  j&om  a  want  of  recognition  of  the  effects  of  decomposition  or 
"  weathering.*'  All  rocks  are  subject  to  decay  when  exposed  to  the 
atmosphere,  and  none  more  so  than  trap-rocks.  Some  of  the  most  solid 
and  crystalline  varieties  waste  away  into  a  mere  sand.  In  such  cases 
(and  this  happens  characteristically  with  the  doleritic  group),  the  rc»ck 
often  weathers  into  globular  masses,  the  centres  of  which  are  still  hard 
when  all  around  them  has  decayed.  These  hard  cores,  scattered  throu^ 
the  soft  tuff-like  mass,  are  sometimes  sufficiently  like  ejected  blocks  to 
deceive  an  unwaiy  observer,  who,  if  he  found  the  decomposed  rod^ 
passing  into  good  crystalline-trap,  would  very  naturally  conclude  that 
he  had  met  with  an  instance  of  the  passage  of  trap-tuff  into  dolerite. 
Sometimes,  too,  the  rocks  along  the  line  of  junction  of  a  tuff  with  a 
crystalline  trap  are  so  decayed  that  the  separation  of  them  cannot  be 
very  sharply  made.  But  this  is  a  very  different  thing  from  a  statement 
which  implies  that  tuff  and  crystalline  trap  originally  passed  into  each 
other. 

Alteration  of  Tnfll — Much  difficulty  is  sometimes  experienced  in 
separating  out  the  trap-tuff  from  the  crystalline  rocks  in  districts  where 
all  the  rocks  have  undergone  some  metamorphism,  or  where  they  have 
been  affected  by  slaty  cleavage.  Still  greater  perplexity  attends  the 
attempt  to  ascertain  in  such  cases  the  original  petrographical  characters 
of  the  tuffs  apart  from  those  subsequently  acquired  from  metamorphism. 
Thus,  in  the  Snowdon  district,  says  Professor  Ramsay,  so  completely  has 
slaty  cleavage  affected  both  felstone  and  tuff,  that  there  is  sometimes  the 
utmost  difficulty  in  drawing  a  line  of  demarcation  between  the  twa* 
Mr.  Jukes  and  his  colleagues  of  the  Irish  Qeological  Survey  have  met 
with  similar  features  in  the  County  Waterford. 

y.  EXAMPLES  OF  THE  MODE  OF  OCCURRENCE  OF  THE  CONTEMFORAKEOUS 

OR  INTERBEDDED  TRAP-ROCKS. 

It  would  extend  too  much  the  space  which  can  here  be  devoted 
to  the  description  of  the  trap-rocks,  to  give  illustrations  from  different 
localities  of  the  various  modes  in  which  the  student  may  expect  to  me^ 
with  these  rocks.  In  the  subsequent  part  of  this  Manual,  however, 
where  the  geological  formations  are  described,  a  succinct  notice  will  be 
given  of  the  volcanic  phenomena  presented  by  each  of  the  formations  in 
tiie  United  Kingdom.  In  the  meantime  the  student  may  take  note  that 
he  will  find  examples  of  the  association  of  vast  flows  of  felstone  and  thick 
deposits  of  tuff  over  an  extensive  area,  described  in  the  chapter  on 
the  Lower  Silurian  rocks  ;  of  the  local  emission  of  pyroxenic  ctystalliue 

*  Memoir  on  N.  WaUi,  p.  120. 
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rocks  and  tnfb  oyer  limited  areas,  and  of  the  local  abundance  of  tuff- 
cones  in  the  narrative  given  of  the  Carboniferous  system  ;  of  the  occur- 
rence of  volcanic  necks  with  connected  melaphyres  and  tuffs  in  the  Permian 
chapter ;  and  of  the  accumulation  of  enormous  piles  of  basalt-flows,  with 
little  ejection  of  tuff,  in  the  account  of  the  British  miocene  rocks, 

a.  DISTRIBUTION  OP  CONTEMPORANEOUS  TRAP-ROCKS  IN  SPACE  AND  TIME. 

If  we  look  at  a  map  of  the  active  volcanoes  of  the  globe,  we  find 
that  their  distribution  is  far  from  regular  and  uniform.     On  the  con-i 
tiaiy,  while  the  volcanoes  tend  to  group  themselves  along  far-extended 
lines,  they  are  crowded  together  in  some  regions,  very  sparsely  placed  in 
others,  while  over  many  areas  of  wide  extent  they  are  altogether  absent 
This  will  be  further  alluded  to  in  a  subsequent  chapter.     It  is  now 
referred  to  by  way  of  illustration  and  explanation  of  the  fact  that  the 
interbedded  trap-rocks,  which,  as  we  have  seen,  are  only  ancient  volcanic 
rocks,  exhibit  a  similar  local  and  irregular  distribution.     In  some 
countries  they  are  remarkably  abundant,  in  others  they  do  not  occur  at 
alL     Further,  inasmuch  as  the  crust  of  the  earth  has  been  found  to 
consist  of  a  number  of  "  rock-formations  "  belonging  to  successive  periods 
of  the  earth's  history,  so  we  discover  that  the  trap-rocks  occur  in  all 
these  formations,  in  other  words,  that  volcanic  rocks  have  been  pro- 
duced in  all  ages  of  the  world's  existence,  as  far  back  as  purely  geolo- 
gical evidence  leads  us.     Hence  we  are  enabled  to  trace  the  distribution 
of  volcanic  action  over  the  globe  in  regard  both  to  time  and  to  space. 
We  may  either  take  any  one  formation  or  system — such,  for  example, 
as  the  Carboniferous — follow  its  extension  over  the  globe,  and  mark 
where  it  furnishes  proofs  of  contemporaneous  volcanic  phenomena  ;  or 
we  may  choose  some  particular  district  of  coimtry,  and  set  ourselves  to 
the  task  of  discovering  what  traces  of  such  phenomena  it  contains  in  its 
different  rock-formations.     In  the  former  case  we  are  led  to  inquire 
into  the  development  of  volcanic  action  over  the  globe  at  a  particular 
period  of  the  past ;  in  the  latter  we  try  to  follow  the  history  of  that 
action  in  one  region  from  the  remotest  period  down  to  recent  times. 

There  seems  to  have  been  considerable  uniformity  in  the  leading 
features  of  volcanic  action  during  the  past  history  of  the  earth.  The 
tuffe  and  melaphyres  found  among  our  carboniferous  rocks  occur  very 
much  as  modem  tuffs  and  lavas  do.  The  ancient  rocks,  crystalline  and 
fragmental,  are  interbedded  with  each  other,  or  with  sedimentary 
deposits,  just  as  lavas  and  ashes  are  now  piled  over  each  other  by  the 
eruptions  of  an  active  volcano.  Yet  a  rigorous  and  minute  comparison 
of  the  two  would  perhaps  bring  to  light  a  number  of  distinctions. 

A  greater  diversity  exists,  however,  in  the  mineralogical  nature  of 
the  pro<luct8  which  volcanic  action  has  brought  to  the  surface.  The 
modem  lavas  of  Vesuvius  or  Hecla  are  very  different,  lithologically, 
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from  the  dialwHfn  and  melapliyTefl  of  our  palaeozoic  rocks,  and  the 
tiachjtes  of  the  Rhine  from  the  felstones  of  Wales.  To  what  cansea 
this  difference  is  dne  remains  one  of  the  problems  of  geology,  it  has 
been  suggested  that  the  crost  c^  the  eaith,  on  solidificationy  contained 
two  lajezB  or  coatings — an  inner  one,  composed  mainl j  of  the  heaTj 
or  basic  rocks,  and  an  outer  one,  consisting  chiefly  of  the  lifter  or 
acidic  rocks.*  The  older  rocks  appearing  at  the  surface  would  thns  be 
siliceoiis,  sndi  as  the  felstones,  etc.,  while  those  from  the  inner 
*<  magma  "  would  only  appear  at  a  later  period,  and  would  be  of  the 
pjrroxenic  Tariedes,  such  as  basalt,  etc  Certainly  it  is  the  fact  that 
the  oldest  interbedded  Tolcanic  rocks  are  felspathic  and  highly  silicated, 
while  the  great  mass  of  modem  lavas  is  pTrozenic.  Tet  it  is  equally 
true  that  many  of  the  palsozoic  lavas  are  heavy  and  pyroxenic,  while 
the  light  and  siliceous  lavas,  trachyte  and  obsidian,  are  common  enou^ 
among  tertiary  and  recent  volcanic  product& 

This  is  a  subject  in  which  comparatively  little  has  been  aooom- 
plished.  Yet  it  is  one  so  full  of  interest  that  it  will  probably  ere  long 
attract  much  more  notice  than  it  has  hitherto  received.  By  way  of 
indicating  the  nature  of  the  kind  of  research  which  must  be  undertaken, 
it  may  not  be  without  use  to  take  as  an  illustration  the  volcanic 
geology  of  the  British  Isles,  and  to  add  here  a  few  remarks  upon  it  for 
the  guidance  of  the  student. 

Volcanio  or  Contemporaneous  Trappean  Books  of  Britain.^' — ^lo 

sncceeding  chapters  a  brief  description  will  be  given  of  the  igneous  rocks  aasociated 
with  each  of  the  British  formations.  At  present,  therefore,  it  will  suffice  to 
remark  that  volcanic  action  was  abundant  and  prolonged  daring  the  lower  SilQziaa 
period  in  Wales,  in  the  Lake  district,  and  in  the  south-east  of  Ireland  ;  that  it 
was  manifested  daring  the  apper  Silorian  period  in  the  soath-west  of  Irdand ; 
daring  the  times  of  the  Old  Bed  Sandstone  abundantly  in  Scotland  ;  in  the  Ckr- 
boniferoas  period  in  the  midland  valley  of  Scotiand,  in  Limerick  and  in  Derby- 
shire ;  in  tiie  Permian  epoch  in  the  south-west  of  Scotland ;  in  the  New  Bed 
Sandstone  in  Devonshire  ;  and  daring  the  Tertiary  period,  on  an  enormous  scak, 
from  the  north  of  England  and  the  south  of  Antrim  northwards  through  the 
Inner  Hebrides  to  the  Faroe  Islands,  and  even  to  Iceland.  Hence  within  so 
limited  an  area  as  the  British  Islands  we  have  an  extensive  series  of  did  Ydcaide 
rocks,  ranging  from  Lower  Silurian  down  to  Tertiary  times. 

But  not  only  has  volcanic  action  been  remarkably  continuous  in  Britain  when 
the  whole  range  of  geological  history  is  considered.  We  find  that  this  continnity 
has  been  exhibited  even  in  small  isolated  portions  of  our  area.  **  Taket,  as  an 
illustration,  the  neighbouriiood  of  Edinburgh  within  a  radius  of  ten  miles  from 
the  town.  First  and  oldest  comes  the  long  range  of  the  Pentland  and  Braid  Hflb, 
consisting  of  a  mass  of  bedded  igneous  rocks  in  a  middle  series  of  the  Old  Bed 
Sandstone.  These  old  lavas  reach  a  thickness  of  4000  or  5000  feet  Next  in 
chronological  order  are  the  Calton  Hill  and  lower  portion  of  Arthur's  Seat,  which 
mark  the  continuance  of  volcanic  action  (though  in  a  lessened  degree)  into  the 


*  Bee  tbe  '*  Essay  on  Comparatiye  Petrology,"  by  Durocber,  translated  by  Dk.  Han^ 
ton,  and  appended  to  his  iianncU  of  Otology. 

t  Presidential  Address  to  Brit.  Assoc  1807.    Dundee. 


BRITISH  C0NTEMP0RAIJB0U8  TRAP-ROCKS.  287 

lower  Carboniferous  period.  The  Carboniferous  rocks  for  miles  aronnd  these  hiUs 
are  fall  d  the  traces  of  oontemporaneoos  volcanoes,  sometimes  in  the  form  of 
sheets  of  toff  marking  the  occnrrence  of  little  detached  tuff-cones,  sometimes  in 
wider  areas  of  tu£^  basalt,  and  dolerite,  where  a  group  of  minor  volcanic  vents 
threw  oat  showers  of  ash  and  streams  of  lava.  To  the  east  rise  the  isolated 
Gaiiton  HiUs,  which  date  from  before  the  Carboniferous  Limestone  ;  westwards, 
scores  of  little  basaltic  crags  and  rounded  tuff-hills  mark  out  the  lower  Carbon- 
iferous volcanoes  of  Linlithgowshire.  To  the  north  the  endless  crags,  hills,  and 
hillocks  of  the  Fife  coast  contain  the  record  of  many  eruptions  from  l^e  middle  of 
the  Calcilierous  Sandstones  high  up  into  the  Carboniferous  Limestone  group. 
Even  the  Coal-measures  of  that  county  are  pierced  with  intrusive  bosses  of  trap- 
pean  agglomerate,  which  indicate  the  position  of  volcanic  vents,  possibly  of  Permian 
age.  The  same,  or  a  more  recent  date,  must  be  assigned  to  the  later  unconformable 
agglomerate  and  basalt  of  Arthur^s  Seat.  Nor  is  this  the  whole.  Latest  of  all 
come  innumeraUe  trap-dykes,  running  with  a  prevalent  east  and  west  trend,  and 
catting  through  all  the  other  rocks.  These  may,  with  probability,  be  assigned  to 
a  Tertiary  age.  Here,  then,  in  this  little  tract,  about  tibe  size  of  a  small  English 
coonty,  there  are  the  chronicles  of  a  long  series  of  volcanic  eruptions,  beginning 
Iq  the  middle  of  the  Old  Red  Sandstone,  and  coming  down  to  a  time  relatively  so 
near  our  own  as  that  of  the  Miocene  rocks.  Nor  ia  this  by  any  means  an  excep- 
tional  district.  Illustrations  of  a  similar  persistence  of  volcanic  action  may  be 
gathered  in  many  other  tracts  of  equally  limited  extent.*' 

"  It  may  be  possible  eventually  to  arrive  at  some  approximate  realisation  of 
the  form  assumed  by  the  surface  of  the  country  during  successive  phases  of 
volcanic  action.  There  are  indeed  indications  that  the  eruptions  were  apt  to  occur 
along  lines  of  broad  valley.  The  long  depression,  for  instance,  between  the  High- 
lands and  Southern  Uplands  of  Scotland,  continued  to  be  the  site  of  active  volcanoes 
during  the  Old  Bed  Sandstone  and  Carboniferous  periods  ;  yet  the  high  grounds  on 
either  side  seem  to  have  in  great  measure  escaped,  for  few  of  the  trap-beds  or  of  the 
'necks'  marking  the  points  of  eruption,  have  as  yet  been  detected  there.  Again, 
the  Tertiary  basalts  of  the  north-west  lie  in  a  long  hollow  (at  least  as  old  as  the  Lias) 
scooped  out  of  the  metamorphosed  Silurian  and  Laurentian  rocks.  In  these  instances 
it  is  erident  that  the  numerous  volcanic  orifices  were  grouped  linear-wise." 

"  This  leads  me  to  remark  that  a  study  of  the  igneous  rocks  of  Britain  fur- 
nishes no  proofs  that  volcanic  action  has  been  slowly  diminishing  in  intensity 
daring  past  geological  time.  The  amount  of  volcanic  material  preserved  in  our 
Old  Red  Sandstone  group  probably  exceeds  that  of  our  Silurian  system,  even  after 
all  doe  allowance  for  the  denudation  of  the  older  formation.  The  number  of 
distinct  volcanic  centres  traceable  among  the  Carboniferous  rocks  in  like  manner 
snrpaases  that  of  the  older  formations.  But  by  much  the  most  extensive  mass  of 
volcanic  material  in  these  islands  belongs  to  the  latest  epoch  of  eruption — that  of 
the  Miocene  period.  In  one  mountain  alone,  Ben  More  in  Mull,  these  youngest 
lavas  rise  over  each  other,  tier  above  tier,  to  a  height  of  more  than  3000  feet ;  yet 
their  base  is  concealed  under  the  sea,  and  their  top  has  been  removed  by  denuda- 
tion. We  have  here,  therefore,  no  proof  of  a  slow  diminution  of  volcanic  activity. 
The  period  separating  the  Miocene  basalts  from  the  New  Red  Sandstone  trap- 
rocks,  which  seem  to  come  next  to  them  in  point  of  recentness,  was  immensely 
vaster  than  that  which  has  elapsed  between  the  Miocene  basalts  and  the  present 
time.  There  is  thus  no  improbability  in  the  eventual  outbreak  once  more  of  the 
subterranean  forces.  Nay,  further,  were  a  renewed  series  of  volcanic  eruptions  to 
take  place  now,  they  might  in  the  far  distant  future  be  thrown  together  with  those 
of  Miocene  date,  as  proofs  of  one  long  period  of  interrupted  volcanic  activity,  just 
as  we  now  group  the  igneous  rocks  of  the  Lower  Silurian,  or  of  any  other  geological 
formation.  So  near  to  us,  in  a  geological  sense,  are  those  latest  and  grandest  of 
our  volcanic  phenomena." 
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**  Another  fact,  which  a  general  surrey  of  the  character  of  onr  Tolcanic  rods 
soon  brings  before  ns,  is,  that  as  a  whole  those  of  earlier  date  differ  distinctivtif 
in  composition  from  those  of  more  recent  origin.  From  the  first  traces  of  Yolcanic 
activity  in  this  country  up  to  about  the  close  of  the  Old  Bed  Sandstone  or  begis- 
ning  of  the  Carboniferous  series,  the  interbedded  (that  is,  contemporaneous)  igneous 
rocks  consist  for  the  most  part  of  highly  felspathic  masses,  to  which  the  names  of 
clinkstone,  daystone,  compact  felspar,  porph3rry,  felstone,  porphyrite,  etc.,  have 
been  given.  In  most  of  these  rocks  there  is  an  excess  of  silica  (55  to  80  per  cent), 
which  is  sometimes  found  separated  out  into  distinct  granules.  On  the  other 
hand,  from  the  upper  part  of  the  Old  Red  Sandstone,  or  ^e  lower  members  of  the 
Carboniferous  series,  up  to  the  end  of  the  long  history,  the  erupted  masses  are 
chiefly  augitic,  as  basalts  and  dolerites  (including  melaphyres  and  diabases).  In 
these  rocks  fiiee  silica  is  not  a  normal  constituent,  while  the  alkalies,  alkaline 
earths,  and  metallic  oxides,  form  on  an  average  about  half  of  the  whole  mass.  In  the 
former  class  the  acid  element  predominates,  in  the  latter  the  bases  are  specially 
conspicuous.  Were  these  rocks  subjected  to  further  and  more  detailed  diemical 
examination,  additional  knowledge  might  possibly  be  acquired  respecting  the  his- 
tory of  the  changes  which  have  taken  place  within  the  crust  of  the  earth." 

In  the  subjoined  Table  a  first  attempt  is  made  to  group  the  interbedded  trap- 
rocks  of  Britain  chronologically,  according  to  their  dates  of  production,  and 
petrographically,  according  to  their  mineral  characters.  So  little  has  yet  beei 
done  in  this  country  on  this  subject,  that  the  Table  ia  confessedly  very  imperfect, 
and  is  inserted  for  the  purpose  of  indicating  the  kind  of  arrangement,  which  may 
be  afterwards  elaborated  and  improved.  * 

Table  of  the  Stratigraphical  Distribution  of  the  Britibh 

Interbedded  Trap-rocks. 
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*  The  fatal  error  of  such  Tables  as  that 
no  distinction  ia  made  between  Intrusive 
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and  interbedded  rocks — an  error  which,  foralnosi 
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**  As  geologists,  it  is  important  for  us  to  note  that,  though  two  classes  of  vol- 
canic rocks  can  be  determined  by  analysis  of  their  composition,  no  broad  essential 
distinctions  appear  to  be  traceable  in  the  general  mode  of  occurrence  of  these  rocks. 
The  earlier  volcanoes,  which  threw  out  siliceous  lavas  and  ashes,  seem  to  have  acted 
very  much  in  the  same  way  as  those  of  later  date,  which  gave  out  the  heavier 
pyroxenic  lavas.  Certain  minor  differences  are  indeed  readily  observable.  Thus 
the  older  lavas  occur  as  a  rule  in  much  thicker  beds  than  the  later  ones,  which, 
indeed,  are  distinguished  by  that  markedly  bedded  character  which  results  from 
the  number  and  thinness  of  their  successive  flows.  As  a  concomitant  of  this 
arrangement  also,  columnar  structure  is  much  more  frequent  among  the  pyroxenic 
than  among  the  siliceous  rocks.  Perhaps,  if  these  and  other  distinctions  were 
collected  and  compared,  each  class  of  rocks  might  be  found  to  possess  certain 
characteristic  peculiarities  of  its  own,  sufficient,  when  taken  together,  to  give  us  a 
type  for  general  reference.  Nevertheless,  in  its  broader  features,  there  would  seem 
to  have  been  a  striking  uniformity  in  volcanic  action  from  the  earliest  times  down 
to  our  own  day.*' 

i*  One  other  part  of  the  subject  I  would  allude  to  as  deserving  of  inquiry. 
There  seem  to  me  indications  that  local  but  well-marked  metamorphism  and  the 
extravasation  of  syenitic  and  granitic  rocks  have  taken  place  in  connection  with 
some  of  our  most  recent  volcanic  phenomena.  In  Skye,  for  example,  as  first 
pointed  out  by  MaccuUoch,  the  Lias  limestones  are  much  altered  and  pierced  by 
masses  of  syenite,  which  is  in  some  places  a  true  granite.  This  crystalline  rock 
must  have  been  erupted  after  the  deposition  of  the  middle  Oolitic  rocks,  for  it 
disrupts  and  sometimes  overlies  them.  It  is  manifestly  connected  with  the  trappean 
plateaux  and  dykes  of  that  region.  Southwards  in  Mull,  masses  of  syenite  of  a 
like  kind  are  found  in  the  heart  of  the  great  tertiary  basalts,  and  these  basalts  show 
there  a  marked  change  in  texture  and  aspect,  as  if  they  had  been  more  or  less 
metamorphosed.  Still  farther  south  lies  the  granite  of  Arran,  which  is,  at  least 
in  part,  of  later  date  than  the  lower  Carboniferous  rocks,  for  these  are  pierced  by 
it  In  and  around  it,  as  is  well  known,  there  is  a  profusion  of  trap-dykes,  like 
those  of  Skye  and  Mull  This  association  of  syenite  or  granite  with  hundreds  of 
dykes,  or  with  vast  piles  of  basalt,  deserves  to  be  worked  out  carefully  in  the  field. 
It  will  doubtless  be  found  to  furnish  additional  data  towards  elucidating  the  origin 
of  granite,  and  even  perhaps  some  portion  of  the  still  obscure  subject  of  meta- 
morphism. "  * 

all  geological  purposes,  renders  the  Tables  valueless.  Senft,  for  instance,  represents  basalt 
occnrring  in  the  gneiss  and  schist  groups  of  his  "  Urperiode,"  and  thence  up  through  the 
Palsozoic,  Secondary,  and  Tertiary  periods.  It  is  of  course  true  that  basalt-veins  and 
dykes  are  found  in  pateozoic  granite,  gneiss,  and  schist ;  bat  that  is  a  mere  accident,  and 
indicates  no  geological  relationship  between  the  two.  The  same  dyke  sometimes  traverses 
half-sHlozen  diflbrent  formations,  to  all  of  which  it  is  subsequent,  and  with  which  it  has  no 
chronological  connection.  It  seems  hardly  worth  while  laboriously  to  chronicle  what  for- 
mations basalt  may  Intersect,  for  there  is  no  reason  why  it  should  not  be  found  in  every 
one  which  is  older  than  the  date  of  the  last  emission  of  basalt  The  great  object  to  a 
geologist  is  to  ascertain  at  what  period  any  given  rock  was  empted.  Hence,  for  the  rea- 
sons already  assigned  in  the  text,  he  must  have  recourse  not  to  the  intrusive  but  to  the 
interbedded  rocks ;  but  the  distinction  between  these  two  modes  of  occurrence  has  never 
yet  been  adequately  realised  and  adopted  by  German  geologists.  The  baneful  influences  of 
Wemerianism  are  not  even  now  wholly  dispelled  among  our  German  brethren  of  the  ham- 
mer. In  mineralogy  and  petrography  they  are,  as  a  whole,  a  long  way  ahead  of  us,  but  in 
the  study  of  the  structure  and  history  of  rock-masses,  particularly  of  igneous  rocks,  we  are 
certainly  very  tax  in  advance  of  them. 

*  The  remarks  quoted  above  on  the  British  volcanic  rocks  are  taken  from  the  writer's 
Address  to  the  Geological  Section  of  the  British  Association  in  18(^,  at  Dundee. 
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CHAPTER  XIV. 

MIKBRAL  VBINS. 

The  local  accumulation  of  minerals  in  parts  of  rocks^  subsequently  to 
the  formation  of  the  rocks  themselves,  is  a  very  important  subject, 
which  requires  a  special  treatise  for  its  proper  discussion.  All  that 
can  be  done  here  is  to  point  attention  to  a  few  of  the  principal  fiacts 
connected  with  the  structure  and  mode  of  occurrence  of  metaUic  beds 
and  veins,  and  to  add,  in  the  section  on  Geological  Agencies,  some 
remarks  as  to  the  causes  by  which  this  distribution  of  metallic  sub- 
stances has  been  regulated. 

a.  Metallic  Ores  in  Beds. 

The  ores  of  metals  are  sometimes  found  in  beds.  This  is  especially 
the  case  with  the  most  abundant  of  all  metals,  iron.  The  great 
majority  of  rocks  contain  iron  in  some  form,  and  some  are  so  highly 
impregnated  with  it  as  to  make  it  worth  while  to  smelt  them.  The  so- 
called  iron-sands  of  the  south-east  of  England  were  at  one  time  an 
important  source  of  iron.  The  principal  sources  now  used  in  Great 
Britain  are  beds  of  clay-iron  ore,  or  beds  containing  nodular  concre- 
tions of  clay-iron  ore,  found  in  the  Carboniferous  and  other  formations. 
In  Scotland  there  occur  beds  of  day-ironstone,  containing  a  large  pro- 
portion of  coaly  matter,  and  requiring,  in  consequence,  little  or  no  coal 
in  the  process  of  calcination.  They  are  known  as  black-band  iron- 
stone. 

Hsomatite  also  occurs  in  great  bed-like  masses  in  some  places,  as  in 
Fumess,  where  such  masses,  twenty  or  thirty  feet  thick,  appear  as  if 
interstratified  with,  but  really  filling  up,  hollows  in  the  Carboniferous 
limestone,* 

Some  beds  of  rock  also  contain  copper  ore,  mingled  with  the  other 
materials  of  the  rock.  The  "  kupfer  schiefer,"  or  copper  slate  of  Ger- 
many, is  of  this  character.  Many  beds  of  sandstone  in  the  upper  part 
of  the  Old  Red  Sandstone  of  the  south  of  Ireland,  contain  copper  ore 
disseminated  among  them.     The  Lower  Carboniferous  Sandstone  of 

*  See  Jtrenw.  GtoL  Purvey— Iron  Ores  of  Great  Britain,  part  L    Introdaotlon  by  W.  W. 
Bmytb,  p.  20. 
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Renfrewshire  is  in  places  full  of  diffused  green  carbonate  of  copper, 
aud  has  been  worked  as  an  ore  of  that  metaL 

Such  accumulations  of  the  ores  of  metals  as  have  been  deposited 
in  the  same  way  as  the  other  materials  of  the  bed  or  beds  in  which 
they  lie,  either  as  chemical  precipitates  or  mechanical  sediments,  do  not 
properly  belong  to  the  subject  to  be  treated  of  in  this  chapter.  When, 
indeed,  the  metallic  ore  no  longer  remains  in  the  exact  form  or  place 
in  which  it  was  first  deposited,  but  has  segregated  itself  from  a  state  of 
general  dispersion  through  the  mass  of  a  rock,  so  as  to  form  nodules  or 
concretions  in  particular  parts  of  it,  like  the  balls  of  clay-ironstone  in 
many  clays,  or  the  balls  of  fibrous  radiating  iron  pyrites  in  chalk  and 
slate,  or  the  cubical  and  other  crystals  of  iron  pyrites  in  many  rocks, 
there  is  then  an  obvious  connection  between  such  a  phenomenon  and 
those  to  be  found  in  metallic  veins.  This  segregatory  and  concre- 
tionary action,  however,  is  not  confined  to  metallic  ores,  but  is  general 
for  all  mineral  matter,  as  is  shown  by  the  segregation  of  flints  in  chalk, 
chert  in  limestone,  calcareous  concretions  in  clays  and  sandstones,  the 
formation  of  hard  balls  in  shales,  and  that  of  botryoidal  and  other 
globular  masses  in  dolomite* 

We  are  led,  moreover,  by  almost  insensible  steps,  firom  the  study  of 
such  molecular  movement  in  the  particles  of  rocks  after  deposition, 
through  other  occurrences,  up  to  the  phenomena  observable  in  mineral 
veins.  It  often  happens  that  in  breaking  open  balls  of  clay-iron  ore, 
crystals  of  galena  (sulphide  of  lead)  and  of  blende  (sulphide  of  zinc), 
are  found  in  the  cavities  of  the  ball  Nodular  lumps  of  specular  iron 
ore,  highly  crystalline,  and  the  size  of  the  fist,  are  found  sometimes  in 
the  Old  Red  Sandstone  of  the  South  of  Ireland,  and  similar  balls  of 
galena  in  the  Carboniferous  limestone.  These  are  not  rolled  pebbles, 
but  small  deposits  of  the  minerals,  which  have  been  formed  in  little 
closed  cavities  in  the  rock. 

/3.  Non-Metalliferous  Veins,  or  Veins  of  Segregation. 

Minerals  not  only  occur  in  a  more  or  less  crystalline  state  in  the 
hollows  of  closed  cavities,  or  as  crystals  disseminated  through  the  mass 
of  the  rock,  but  also  in  veins  and  strings  traversing  that  mass.  These 
veins  are  of  very  various  dimensions,  fix)m  a  scarcely  perceptible  thread 
tip  to  a  width  of  several  feet,  and  are  equally  indefinite  in  length. 
They  are  rarely  straight  for  more  than  a  few  yards,  but  are  commonly 
bent  at  various  acute  angles,  sometimes  intersecting  each  other,  and 
branch  and  split  up  in  various  directions,  often  ending  in  tortuous 
filaments.  In  some  cases  a  small  group  of  beds,  or  even  a  single  bed, 
will  show  numerous  veins,  while  the  beds  above  and  below  will  be  free 
from  them. 

*  8m  Chapter  XV. 
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The  mineral  composition  of  these  veins  depends  greatlj  on  that  of 
the  rocks  in  which  they  occur.  In  limestones  the  veins  are  almost 
always  calcite,  though  perfect  crystals  of  dark  quartz  occasionally 
occur  ;  in  siliceous  rocks  they  are  almost  invariably  quartz.  Some 
kinds  of  rock,  however,  have  veins  of  particular  minerals  that  usually 
accompany  them.  Some  red  clays  that  contain  beds  of  rock-salt  and 
gypsum  are  also  frequently  traversed  by  veins  of  those  minerals  in 
the  neighbourhood  of  the  beds  ;  and  in  the  case  of  gypsum,  even 
in  places  where  no  actual  beds  of  that  substance  occur.  The  condition 
of  the  minerals  in  the  veins  is  often  different  from  that  in  the  beds. 
In  the  case  of  quartz  or  calcite,  whether  the  mineral  substance  in  the 
veins  be  crystalline  or  compact,  it  has  4  very  different  structure  and 
appearance  from  that  which  it  shows  in  the  beds  or  rock-masa.  If 
compact,  it  is  generally  much  purer  and  whiter  in  the  veins  than  in  the 
beds  ;  if  crystalline,  the  crystals  are  much  more  perfect  in  form  than 
those  which  occur  in  the  mass  of  the  rock. 

The  mode  of  occurrence  of  these  veins  is  such  as  rarely  to  suggest 
the  idea  that  they  ever  ewted  as  open  cavities,  which  were  afterwards 
filled  up  by  the  introduction  of  the  mineral  substance.  The  mineral 
appears  somehow  to  have  been  segregated  from  the  mass  of  the  rock 
into  the  pkces  and  forms  in  which  we  now  find  it.  It  is  stated  th&t 
where  quartz  veins  are  found  in  granite,  the  immediately-adjacent  rock 
is  poorer  than  usual  in  quartz.* 

7.  Metalliferous  Veins. 

The  metalliferous  veins  commonly  show  an  essential  difference  in 
their  form  and  their  mode  of  occurrence  from  such  deposits  of  metallic 
ores  as  are  found  in  bedb  and  concretions,  and  such  veins  of  spar  as 
have  been  just  alluded  to,  as  veins  of  segregation.  They  may  be 
described  as  fissures  or  other  hollow  spaces  in  rocks,  which  have  been 
filled  more  or  less  completely  by  a  deposition  of  spars  and  ores,  or 
native  metals,  often  mingled  with  other  earthy  matters. 

By  Spars  we  mean  crystalline  masses  of  the  earthy  minerals,  such 
as  silica  (or  quartz),  calcite  (or  carbonate  of  lime),  fluor  (or  fluoride  of 
calcium),  baiytes  (or  sulphate  of  baryta),  etc 

By  Ores  we  mean  the  various  unions  of  the  metals  with  other 
substances,  simple  or  compound,  forming  oxides  or  sulphides,  car- 
bonates, sulphates,  etc,  the  metal  having  to  be  extracted  from  the 
ore  by  metallurgical  processes. 

Pure  or  Native  Metals  are  not  often  met  with,  except  in  the  case 
of  gold  and  platinimi,  and  in  some  places  silver  and  copper,  although 
the  metals  antimony,  areenic,  bismuth,  iron,  lead,  palladium,  teUurium, 
etc,  also  occur  native  sometimes. 

•  Tran».  Roy.  Gtol.  Soc  Comvxdlf  iiL  209. 
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The  mode  of  production  of  the  fissures  and  cavities,  and  that  of 
the  deposition  of  the  spars  and  ores  now  found  in  them,  has  been  the 
subject  of  much  speculation.  The  facts  will  perhaps  be  best  under- 
stood if  we  place  before  the  student,  in  as  condensed  a  form  as  pos- 
sible, a  description  of  the  metalliferous  mineral  veins  found  in  the 
mining  districts  of  the  North  and  the  West  of  England,  taking  as 
chief  authorities  Mr.  Westgarth  Forster  and  Mr.  W.  Wallace  *  for  the 
one,  and  the  Transactions  of  the  Royal  Geological  Society  of  Cornwall^ 
especially  the  papers  of  Mr.  Came  and  Mr.  W.  J.  Henwood,  for  the 
other* 

MetaUiferouB  Veins  of  the  North,  of  Bnglaiid.-^The  mineral  veins 
dtscribed  by  Mr.  Foreter  are  those  in  the  hilly  country  about  the  junction  of  the 
counties  of  Northumberland,  Durham,  and  Cumberiand,  but  his  descriptions  are 
equally  applicable  to  the  mineral  veins  which  occur  in  the  southern  extension  of 
this  high  land  (or  Pennine  chain,  a^it  is  sometimes  called)  that  runs  through  the 
western  parts  of  Yorkshire  into  Derbyshire.  The  rocks  in  which  these  mineral  veins 
occur  consist  of  a  great  series  of  interstratified  shales  and  sandstones,  in  the  upper 
parts  of  which  the  shales  predominate,  and  have  beds  of  coal  interstratified  with 
them ;  in  the  middle  parts  the  sandstones  predominate,  while  the  coals  become 
thin,  and  eventually  disappear,  and  groups  of  beds  of  limestone  begin  to  come  in, 
at  first  interstratified  with  thin  coals  ;  but  these  soon  disappear,  and  limestones, 
varying  in  thickness  from  3  feet  to  130  feet,  prevail  to  a  certain  depth,  but  with 
other  shales  and  sandstones  underneath  them.  Towards  the  south  the  limestones 
increase  and  coalesce,  and  the  shales  and  sandstones  die  out,  till  in  Derbyshire 
the  minend  veins  are  found  in  rocks  which  consist  almost  entirely  of  limestone  for 
a  thickness  of  1000  feet  or  more.  Igneous  rocks  (basalts  and  greenstones)  occur 
in  both  districts,  chiefly  interstratified  with  the  other  beds,  and  more  or  less  of 
contemporaneous  origin  with  them.  The  "  Great  Whin-Sill "  of  the  north,  and 
the  '*  Toadstone  "  of  Derbyshire,  are  the  chief  examples  of  these  igneons  rocks. 

The  total  thickness  of  the  mass  of  interstratified  beds  in  Mr.  Westgarth 
Forster's  section  is  about  4000  feet,  and  he  divides  them  into  two  groups,  describ- 
ing the  upper  1400  feet  as  Coal-measures,  and  the  remaining  lower  part  as  Lead- 
measures,  the  ore  found  in  the  mineral  veins  chiefly  containing  that  metal.  He 
divides  those  veins  into  three  kinds,  which  he  calls  RaJoe  veins,  Pipe  veins,  and 
^UU  or  dilated  veins. 

0.  Bake  Vemfl.-^The  Bake  veins  are  described  by  this  author  as  identically 
the  same  kind  of  fissures  as  the  dykes,  slips,  ojfauUs  of  the  Coal-measiures,  usually 
accompanied  by  a  perceptible  throw  or  displacement  of  the  beds  in  the  opposite 
** cheeks"  of  the  vein.  He  speaks  of  the  veins  being  strong,  according  to  the 
amount  of  their  "throw,"  which  in  some  instances  reaches  to  100  fathoms,  or 
€00  feet ;  but  those  which  have  the  least  throw  are  generally  the  richest  in  ore, 
hecanse  the  richest  parts  of  the  mine  are  those  where  both  cheeks  are  of  hard 
rock,  especially  limestone,  and  a  great  displacement  brings  difierent  rocks  in  face 
of  each  other.  These  veins  extend  almost  indefinitely  in  length  and  depth,  many 
of  them  running  in  nearly  straight  lines  for  many  miles,  and  having  no  ascertain- 
able termination  below.  They  are  sometimes  perpendicular,  and  usually  approach 
that  position,  their  inclination  being  called  the  hade  of  the  vein,  and  its  amount 
being  reckoned  from  the  perpendicular,  and  not  from  the  horizontal  plane,  as 

•  Mr.  Forster's  book  is  entitled  a  Treatise  on  a  Section  of  ihe  Stratct,  from  Newcastle-on- 
TyiM  to  Cross  Fell.  Mr.  Wallace's  is  called  The  Laws  which  regulate  the  deposition  qf  Lead 
Ore,    Stanford,  IWl. 
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coalminen  and  geologists  reckon  their  dip,  A  slight  hadCf  therefore,  answers  to  a 
high  dip  or  inclination,  the  one  being  the  complement  of  the  other,  a  dip  of  70" 
being  a  futde  of  20^,  and  so  on. 

The  face  of  rock  on  both  sides  of  the  vein  is  caDed  the  disek  or  Atfe  of  the 
▼ein,  and  in  inclined  veins  they  are  spoken  of  as  the  hemging  and  ledger^  or  the 
up  and  down  cheeks.     The  longitudinid  direction  is  called  the  bearing  of  the  vein. 

There  are  said  to  be  some  fxike  veins  that  are  wide  above  and  gradually 
terminate  below,  being  unaccompanied  by  any  throw  of  the  beds.  These  are  caUed 
gcuh  veins.  Mr.  Forster  quotes,  as  an  instance  of  a  gash  vein,  the  vein  at  Llan* 
gynnoy,  in  Montgomer3^hire,  which,  *'in  the  Duke  of  Powis's  time,"  carried  a 
solid  rib  of  dean  lead  ore,  Ave  yards  wide,  for  a  considerable  depth,  the  ore  being 
so  clean  that  it  did  not  require  to  be  dressed,  but  was  simply  "  poured  out  of  the 
kebbles  at  the  shaft-head,  and  carried  to  the  smelting-house."  There  was  an 
additional  thickness  of  several  feet  on  each  side  of  this  gigantic  rib  of  ore,  in  which 
the  ore  was  mixed  with  spar.  "  This  rich  and  noble  vein  was  at  once  cat  out 
below  by  a  bed  of  black  sdiistus,  shiver,  or  plate,  and  that  so  entirely  that  there 
was  not  the  least  fissure  or  vestige  of  the  vein  remaining,  nor  could  any  ev^-  be 
found  afterwards,  though  diligent  search  was  made  by  the  most  skilful  miners  for 
several  years  and  at  several  times."  He  says,  however,  that  he  only  knows  of  one 
instance  in  his  own  district  of  a  vein  not  accompanied  by  a  perceptible  throw  of 
the  beds  on  the  side  of  it.*  These  gash  veins  are  obviously  a  difficulty  in  the 
way  of  the  hypothesis,  which  supposes  the  spars  and  ores  in  mineral  veins  to  have 
been  always  derived  from  below. 

Dimenmons  of  Veins. — The  ordinary  rake  veins  are  spoken  of  as  having  an 
average  width  of  three  or  four  feet  between  their  'cheeks,  that  width,  however, 
being  subject  to  great  variation,  extending  even  from  many  fathoms  to  a  single 
inch  ;  and  the  veins  are  often  subject  to  twitches  or  closings,  more  or  less  com- 
plete, so  as  sometimes  to  leave  a  scarcely  perceptible  plane  of  division  between 
the  cheeks.  The  extent  of  these  twitches  is  quite  indefinite  both  longitudinally 
and  vertically,  and  they  alternate  with  beUies  or  expansions  of  the  vein  of  equally 
indefinite  dimensions  in  both  directions.  Some  veins  show  great  r^ularity  in 
their  width  for  great  distances  in  both  directions,  while  in  others  the  bellies  and 
twitches  alternate  rapidly,  and  the  veins  are  spoken  of  as  %oaving  veins. 

The  veins,  moreover,  are  said  to  be  narrower  in  the  '*hazles"  or  silioeons 
earths  than  they  are  in  the  limestones,  being  sometimes  "so  squeezed*'  in  the 
siliceous  earths  as  not  to  be  above  six  inches  wide,  while  in  the  limestones  imme- 
diately above  or  below  they  are  two  or  three  feet  in  width.f  This  seems  to  be 
obviously  the  result  of  the  dissolving  power  of  water  containing  carbonic  acid 
having  acted  on  the  limestone  walls,  and  not  on  the  siliceous  ones.  The  inclinalion 
of  the  veins  also  is  apt  to  vary  according  to  the  nature  of  the  rocks  they  peas 
through,  the  approach  to  the  perpendicular  being  always  greater  in  the  sandstone 
and  limestones  than  in  the  intermediate  plates  or  shales. 

Directions  of  the  Veins. — The  veins  are  divided  into  two  groups,  those  which 
run  most  nearly  magnetic  E.  and  W.  (or  E.N.E.  and  W.S.W.),  and  those  whidi 
cross  them  at  right  angles,  or  run  nearly  in  the  present  magnetic  meridian.  The 
first  class  are  called  the  right  running  veins,  and  the  second  the  cross  veins,  Tlie 
right  running  veins,  however,  are  said  by  Mr.  Wallace  to  mn  along  bearings 
which  vary  from  30**  to  the  N.  to  30^  to  the  S.  of  £.  magnetic  The  cross  veins 
are  more  steadily  N.  and  S.  magnetic.  The  right  running  veins,  however,  appear 
to  be  most  steady  in  character  and  contents  for  the  greatest  distances,  some  of 
them  carrying  good  ore,  in  workable  quantity,  for  eight  or  ten  miles. 

Mr.  Wallace  mentions  the  occurrence  of  a  third  class  of  small  veins  nmnisg 

*  Op.  dtp.  282,  2d  edition.  t  Forster,  p.  211. 
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Dculf  N.E.  or  tf.W.,  or,  according  to  him,  3.  55'  E.  or  9.  55°  W.  nugnetic 
Tli«M  vonld  aiuver  to  tho  Countfr  Lodtt  of  Corawaa 

It  Appears,  hoverer,  that  there  are  Tatnj  intenuediate  veins  belonging  to  1xith 
cUasea  which  sometimeB  unite  at  acute  anglee,  either  coalescing  with  or  croestng 
each  other,  and  that  straight  Hringi,  or  other  short  irregular  hranchee  called 
(tfKis,  backi,  or  naeepi,  occasionollf  proceed  out  of  each  at  all  angles,  and  are 
■ometima  is  rich  in  ore  as  the  vein  itself. 

The  map  of  the  mines  at  Alston  Moor,  in  Mr.  W.  Wallace's  interseting  and 
besDtifullf  illuatrated  work,  ia  an  aicellent  one  hf  which  to  etodf  the  rarions 
directions  of  the  Teins  in  ttda  district.  According  to  the  Oeological  Surref  map 
of  IkerbjBhire,  the  veins  which  were  laid  down  by  Mr.  WarlDgton  Smyth,  worlciog 
in  coi\ianction  with  Professor  John  Phillips,  show  hoth  rij/Af  TU'nni7^g  and  Croat 
vdnt.  In  the  northern  part  of  that  district  there  are,  according  to  the  maps, 
several  veins  running  due  K  and  W.  (true)  for  eight  or  ten  miles,  occasionally 
crossed  by  others  more  or  less  obliqae  to  them,  bnt  without  any  regalar  cross 
veiiks.  A  group  of  shorter  parallel  veins,  running  about  N.E,  and  9.W.,  occurs  ia 
the  centre  of  the  "  King's  Field,"  south  of  Paddington  ;  while  in  the  Winster 
and  Worksworth  district  there  are  two  or  three  long  right  ronning  teios  about  two 
milee  apaui,  with  intermediate  groups  of  shorter,  closely  adjacent,  parallel  cross 
TBins,  the  bearings  of  some  groups  being  N.W.,  that  of  others  N.  by  W.,  while 
others  have  intermediate  points  of  bearing. 

CotUenU  of  Oia  Faiu.- — The  veins  contain  spars  and  ores,  which  are  sometiines 
arrai^ed  in  panllel  bands,  the  ore  being  eitbei  in  one  rib  or  several.  Bonie  of 
these  ribs  are  of  great  dimendons,  Mr.  Forster  mentioning  RampgiU  vein  as 
having  sometimes  a  width  of  twelve  feat  of  solid  lead  ore  in  the  Great  Limestone. 


■L  Coating  of  one  mineral,  say  qnarti. 
b.  Coating  of  a  •econd  mineral,  say  duor^pu. 
e.  CoatlBS  o'  Brst  mineral,  or  of  a  IMid,  i*y  nilphste  of  bsiyla. 
d.  Rib  of  ore,  ss  copiwr  or  leid. 
m.  «.  Walls  of  (be  lode. 

Sometimes  these  mateiiali  are  arranged  in  Uie  way  invested  in  Fig.  117,  giving 
the  idea  of  soccessive  costillgl  of  the  dilTerent  minerals  having  been  formed  at 
different  times  on  the  sides  of  tbe  vein.     Sometimes,  however,  t^e  spars  and  ores 
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are  mixed  together  with  great  irr^nhmty.  Seamfl  of  clay  also  occur,  sometiines 
miming  parallel  to  the  ribs  of  ore  and  spar.  These  I  believe  to  be  the  saaJbands 
of  the  Germans ;  and  sometimes  clay  or  decomposed  mineral  matter  (whether 
rock,  or  spar,  or  ore)  occupies  a  lai^  part  of  the  vein,  which  is  then  called  a  to/t 
vein. 

There  also  occur  masses  which  are  called  riders.  These  are  said  by  Forster 
to  be  '*  stony  concretions  suspended  in  the  vein,  consisting  of  spar,  fragments  of 
the  adjacent  rock,  and  sometimes  bimches  of  ore,  all  connected  together. "  These 
riders  are  said  to  vary  from  five  or  six  inches  to  as  many  feet  in  width,  so  as  to 
divide  the  vein  into  two  ;  and  in  some  instances  at  least  a  rider  seems  to  be  nothing 
but  an  imbroken  detached  mass  of  the  adjacent  rock,  fallen  into  the  cavity  of  the  vein. 
Ribs  of  ore  are  sometimes  found  on  both  sides  of  these  riders,  but  usually  only  on 
one  ;  and  it  is  said  that  occasionally  one  side  of  a  vein  is  coated  vnth  hard  rider. 

The  veins  are  spoken  of  as  hard  veins  and  soft,  apparently  according  to  the 
state  of  preservation  or  decomposition  of  their  stony  contents,  or  whether  they 
are  more  or  less  occupied  with  clay.  In  the  hard  veins  there  are  said  to  occur 
caverns  or  cavities,  sometimes  big  enough  for  three  men  to  turn  in.  These  are 
called  shakes^  lochs,  or  loch-holes ;  and  Mr.  Forster  gives  the  following  graphic 
but  quaint  description  of  some  of  these : — **  There  is  generally  a  hard  stony 
crust,  called  drttse  *  or  rider,  at  Alston  Moor  and  Allanheads,  adhering  to  the 
inside  of  the  cavity,  out  of  which,  as  out  of  a  root,  an  innumerable  multitude  of 
short  prismatic  crystals  are  shot,  which  sparkle  like  a  thousand  diamonds  with 
the  candle."  ''  Between  these  clusters  of  mock-diamonds,  and  sticking  to  them 
promiscuously,  there  are  often  lead  ore,  black-jack,  t  pyrites,  or  sulphur  and  spar, 
shot  also  into  prismatic,  cubic,  or  ol^er  figures ;  and  besides  these  clusters  of 
grotesque  figures  which  grow  out  of  one  another,  and  are,  as  it  were,  piled  on  one 
another,  the  whole  inside  of  the  cavern  is  sometimes  most  magnificently  adonied 
with  the  most  wildly-grotesque  figures,  which  grow  upon  and  branch  out  of  one 
another,  in  a  manner  not  to  be  described,  and  with  all  the  gay  and  splendid 
colours  of  polished  gold,  of  the  rainbow,  and  of  the  peacock's  tail"  When  we 
come  to  speculate  on  the  origin  of  mineral  veins,  all  these  drcumstances  are  is 
necessarily  to  be  taken  into  account  as  the  occurrence  of  the  metallic  ores  them- 
selves. 

It  has  been  already  said  that  the  contents  of  the  veins  vary  with  the  nature  of 
the  rocks  they  traverse.  The  quantity  of  ore  seems  always  to  be  least  when 
the  veins  pass  through  beds  of  shale,  and  greatest  in  beds  of  limestone.  Mr. 
Forster  expressly  says  that  the  veins,  in  passing  through  the  Great  Limestone, 
which  is  never  more  than  130  feet  thick,  have  produced  as  much  lead  ore  as  in  all 
the  other  beds  put  together,  in  a  total  thickness  of  about  2000  feet.  Mr. 
Wallace  t  states  that  the  cross  veins,  and  his  third  class  of  veins,  seldom  contain 
much  ore  above  the  Great  Limestone,  but  have  much  lead  ore  in  the  Great  Lime- 
stone, and  lead  ore  and  copper  ore  in  the  beds  below  the  Great  Limestone.  In 
passing  through  the  beds  of  plate  or  shale,  the  veins  rarely  contain  anything  bat 
a  clayey  substance,  called  "  douk"  or  "dawk." 

Intersection  of  Veins. — If  two  neighbouring  veins  meet  each  other  obliquely, 
and  intersect,  they  commonly  produce  a  body  of  ore  at  their  junction,  and  if  both 
are  rich  veins  the  quantity  of  ore  will  be  considerable,  but  if  one  be  poor  and  the 
other  rich,  both  seem  to  be  either  enriched  or  impoverished  by  the  meeting.  If 
a  vein  splits  into  strings,  either  vertically  or  longitudinally,  it  is  a  sign  of  im- 
poverishment ;  if,  however,  strings  come  into  it,  of  enrichment.  §  It  is  obvious 
that  this  is  merely  saying  the  same  thing  in  different  words,  and  it  appears  that 
the  expected  consequences  do  not  always  fdlow. 

*  Derived  from  the  German  drtwe,  decayed  ore.         t  Blonde  or  sulphide  of  sine, 
t  At  p.  65  of  his  work.  S  Forster,  Op.  ciL 
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Ab  regards  the  intersectionfl  of  tlie  right  running  veins  and  the  cross  courses, 
it  would  appear  that  the  cross  courses  always  intersect  the  right  running  veins, 
and  generally  heave  or  displace  them  to  the  right  or  left  of  their  course,  in  the 
same  way  that  faults  would  do.  If  the  contents  of  the  right  running  vein  are 
distinctly  broken  through  by  the  cross  course,  it  is  certainly  strong  evidence  that 
the  cross  course  is  newer  than  the  right  running  vein.  If  the  contents  of  the 
cross  course  be  continuous  across  the  interrupted  contents  of  the  right  running 
vein,  the  evidence  becomes  still  stronger.  But  it  does  not  appear  that  this  is 
always  the  case.  It  has  been  well  observed  by  Sir  H.  T.  de  la  Beche  that  the 
apparent  shifting  of  mere  fissures  may  possibly  lead  to  mistakes  in  this  matter, 
and  that  the  vein  which  has  been  apparently  shifted  by  the  other  may  really  be 
either  contemporaneous  with  it  or  subsequent  to  it,  and  not  necessarily  of  previous 
origin,  accordhig  to  Werner's  rule.  Fig.  118,  for  instance,  shows  the  intersection 
of  two  fissures,  one  of  which,  a  a',  is  appa* 
rently  shifted  or  heaved  by  the  other  marked 
b  b'.  It  is  clear,  however,  that  they  may 
both  have  been  formed  contemporaneously, 
and  coincided  for  a  certain  space,  or  that 
even  if  a'  a  be  the  newer,  it  may  have  run 
along  b'  bicfT  a,  space.  This  would  be  true, 
whether  Fig.  118  be  supposed  to  be  a  plan  or 
a  section.  If  a  plan,  the  dislocation  would  be 
called  a  heave,  if  a  section,  it  would  be  called 
a  sUpf  however  and  whenever  it  was  caused. 

It  is  obvious,  then,  that  it  is  to  the  con- 
dition of  the  contents  of  the  veins  we  must 
look,  rather  than  to  the  mere  relative  posi- 
tion of  the  veins  themselves,  for  evidence  as 
to  their  relative  date.    Mr.  Wallace*  adduces  ^-  ^^^• 

several  facts,  such  as  the  abrupt  termination  of  the  right  running  veins  at  points 
where  they  are  met  by  the  cross  veins,  in  favour  of  the  opinion  that  the  cross  veins  are 
either  contemporaneous  with,  or  anterior  to,  the  right  running  veins,  in  opposition 
to  the  prevailing  opinion  as  to  their  relative  ages. 

b.  Pipe  Veins. — A  pipe  vein  in  the  North  of  England  Is  described  by  West- 
garth  Forster  as  in  many  respects  resembling  '*  a  huge  irregular  cavern,  pushing 
forward  into  the  body  of  the  earth  in  a  slanting  direction,"  sometimes  running 
between  the  beds,  when  those  beds  are  highly  inclined,  but  in  other  places  "  burst- 
ing their  way  np  through  the  strata."  One  that  I  examined  some  years  ago,  with 
the  late  Mr.  F.  J.  Foot,  of  the  Geological  Survey  of  Ireland,  gave  a  good  idea  of 
these  pipe  veins.  It  was  a  little  W.  of  TuUa,  in  the  Ck)unty  Clare,  and  showed 
an  irregular,  nearly  vertically  descending  chamber  in  the  horizontal  limestones, 
accessible  by  a  winding  path  on  its  rocky  sides,  and  in  some  places  expanding  to 
a  width  of  fifty  or  sixty  feet  These  sides  were  lined  with  a  great  deposit  of 
crystals  of  calc-spar,  which  seems  at  one  time  to  have  filled  up  most  of  the  cavity, 
and,  I  presume,  contained  masses  of  crystals  of  galena  in  su£Scient  quantity  to 
render  it  profitable  to  extract  the  great  mass  of  material  which  must  have  been 
removed.  Other  similar  pipe  veins,  and  some  true  veins,  occur  in  the  neighbour- 
hood, and  such  pockets  of  spar  and  ore  are  not  of  tmfrequent  occurrence  in  many 
parts  of  the  great  limestone  of  the  British  Islands,  which  is  known  as  the  Carboni- 
ferous Limestone. 

It  may  always  be  difficult  to  prove  thai  pipe  veins  are  not  connected  with  some 
fissure  wUch  may,  or  may  not,  be  a  rake  vein  ;  but,  so  far  as  the  evidence  goes,  they 
seem  to  have  been  mere  cavernous  spaces  excavated  out  of  the  rocks,  in  the  same 

♦  Op.  ctt.  p.  80. 
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way  as  all  other  cayens,  and  afterwards  to  have  become  the  rec^tacles  of  spare 
and  ores. 

Mr.  Forster  also  speaks  of  a  variety  of  the  pipe  veins,  which  he  calls  the 
"  accumulated "  vein.  But  this  seems  to  be  rather  a  highly  inclined  pipe-like 
cavity,  formed  by  the  intersection  of  two  or  more  **  rake  "  veins.  He  says  they 
approach  the  form  of  vast  irregular  cones,  some  of  which  have  the  apex  upwards, 
and  some  downwards.  "  When  the  ore  is  worked  out  of  a  laige  accumulated  vein 
it  exhibits  a  horrid  and  frightful  gulf,  some  of  which  may  be  fifty  or  sixty  feet 
wide  below,  and  they  are  often  worked  down  to  a  great  depth  from  the  surface." 
*'  The  excavation  of  the  perpendicular  irregular  pipe  is  of  itself  sufficiently  fright* 
f  ul ;  but  when  the  hanging  rocky  sides  of  the  main  pipe  or  cone  are  slitted  up  and 
opened,  perhaps,  from  top  to  bottom  in  many  places,  in  working  collateral  diverging 
veins,  the  appearance  of  this  horrible  gulf  is  then  awful  beyond  description.* 
"  Many  iron-mines  are  found  in  this  description  of  vein,  and  lead  and  copper  ore 
are  frequently  found  and  worked  in  both  the  sorts  of  *  accumulated  veins.' " 

c  Flat  Veins. — The  flat  veins  are  in  reality  pipe  veins,  which,  instead  of  a 
more  or  lees  tubular  cavity,  take  the  place  of  a  certain  bed  or  beds,  parts  of  which 
have  been  removed  by  the  erosion  of  water.  They  are  consequently  flat  cavernous 
spaces  of  greater  or  less  dimensions,  the  roof  of  the  cavity  being  supported  by  the 
parts  of  the  bed  which  have  been  left  uneroded.  The  open  spaces  tiius  left  have 
been  subsequently  filled  more  or  less  completely  by  the  deposition  of  spars  and 
ores,  sometimes  in  alternate  layers,  sometimes  in  irregular  masses,  in  tiie  same 
way  as  happens  with  the  contents  of  the  rake  veins.  The  uneroded  parts  of  the 
original  bed  or  beds  are  spoken  of  by  Forster  as  ttntchet  of  the  flats  in  the  same 
way  as  in  the  rake  veins.  He  says  that  these  flat  veins  seldom  carry  ore  very  far 
ftom  the  neighbourhood  of  the  rake  veinsj  with  which  they  always  appear  to  be 
connected. 

A  curious  circumstance  is  mentioned  by  Mr.  Wallace,  that,  not  only  are  the 
joints  in  the  limestone  near  the  surface  wider  than  they  are  below,  and  filled  with 
seams  of  clay  (both  circumstances  being  obviously  due  to  the  action  of  the  weather), 
but  that  the  flats  are  in  those  places  traversed  by  the  same  joints,  and  also  fiDed 
with  clay.  *  It  has  been  before  pointed  out  that  at  great  depths  joints,  although 
they  exist  as  mere  planes  of  division,  are  often  quite  imperceptible  in  rocks,  which 
sometimes  will  not  even  separate  along  them  till  the  weather  has  had  time  to  act 
upon  them.  But  joints  may  be  of  very  different  ages,  and  it  may  easily  have 
happened  that  some  have  been  formed  since  the  formation  of  ihe/UUs,  and  equally 
widened  by  the  percolation  of  water  which  has  afterwards  introduced  the  day,  as 
in  the  limestone  above  and  below. 

Metalliferous  Mineral  Veins  of  the  "West  of  Bngland. — In  the 
west  of  England  the  rake  veins  are  called  lodes;  the  pipe  veins,  perhaps, 
scarcely  occur  at  all,  unless  those  called  carinmas  represent  them,  and  the/UUi 
seem  to  be  analogous  to  the  Jfoors  in  their  mode  of  occurrence,  though  hardly  so 
in  their  origin.  These  Jloors  seem  chiefly  or  solely  to  contain  tin  ore.  The  cheeks 
of  the  veins  are  called  vxlUs,  and  when  they  are  inclined  they  are  spoken  of  ss 
the  hanging  wall  and  the  foot  wall,  or  those  which,  when  he  is  in  the  lode,  hazig 
over  the  head,  or  lie  under  the  foot,  of  the  miner.  The  inclination  of  the  vein  is 
called  its  underlie,  and,  like  the  hade  of  the  north,  its  angle  is  calculated  from  the 
vertical  and  not  the  horizontal  plane,  f  though  Mr.  W.  J.  Henwoodt  proposes  to 
use  it  in  the  same  sense  as  the  dip  of  the  coal-miner. 

The  rock  traversed  by  the  lodes  is  there  called  the  "  country."     Bir.  W.  J. 

*  Op.  c«.  p.  M. 

1 1  am  indebted  to  Mr.  Comren  Salmon  for  calling  my  attention  to  this  tsct,  which  had 
prevloiiBly  escaped  me. 

I  Trans.  Gtol  Soc  Com.,  v. 
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Henwood  *  speaks  of  some  lodes  as  if  they  were  mere  bands  of  rock  impregnated 
with  ore,  without  having  any  distinct  walls,  and  without  showing  any  fissure ;  but 
these,  I  think,  must  be  exceptional  cases.  It  seems  that  the  "  country  "  on  each 
side  of  the  lode  is  sometimes  so  impregnated  with  strings  and  bunches  of  ore,  that 
if  the  actual  fissure  be  narrow  its  very  occurrence  may  be  masked  by  them. 
Still  it  also  appears  that  tin  ore  occurs  disseminated  through  parts  of  the  granite, 
as  if  it  wore  a  constituent  of  the  rock.  I  have  myself  got  specimens  of  granite  on 
Shap  mountain  in  Cumberland,  with  iron  and  copper  pyrites  diflPused  through  it 
in  crystals,  in  the  same  way  that  the  crystals  of  felspar  are,  and  gold  is  said  in  like 
manner  to  occur  in  many  parts  of  the  world  in  granitic  and  other  rocks,  in  diffused 
grains,  as  if  it  were  a  constituent  of  the  rock.  Mr.  Henwood  frequently  points  to 
these  £acts. 

Iiodes. — The  lodes  of  the  west,  like  the  rake  veins  of  the  north,  seem  to  have 
been  originally  faults.  The  fact  of  a  dislocation  having  taken  place  may  be  much 
less  obvious  in  the  rocks  of  the  west  than  in  those  of  the  north  of  England,  but  Mr. 
Hawkins  f  ezju-essly  says  that  dislocation  always  accompanies  the  lodes,  and  that 
the  result  la  that  tbe  walls  no  longer  fit  into  each  other,  but  convexity  comes 
opposite  convexity,  and  concavity  opposite  concavity.  He  also  shows  that  along 
some  veins  dislocation  has  taken  place  more  than  once,  and  that  fresh  concavities 
have  been  thus  produced,  subsequently  filled  by  fresh  deposition  of  spars  and  ores. 
In  Sir  H.  T.  de  la  Beche's  Report  this  subject  is  well  illustrated,  and  the  fact  of 
movements  of  displacement  having  occurred  at  different  times  along  the  same  vein  is 
rendered  very  probable.^  According  to  Mr.  Henwood  also,  it  would  be  impossible 
to  draw  a  straight  line  in  the  vein  for  any  great  distance,  so  as  to  connect  the 
different  levels  or  working  galleries  in  the  vein,  and  the  sides  of  the  lodes  are  less 
smooth  and  even  than  those  of  the  elvans.  There  seem  also  to  occur  in  the  west 
k)de8  resembling  the  gash  veins  of  the  north,  as  the  North  Vervis  lode,  at  Balnoon 
mine,  in  the  parish  of  Lelant,  which,  after  expanding  and  contracting  from  a  width  of 
a  few  inches  to  20  or  30  feet  in  the  various  levels,  is,  at  a  depth  of  80  fathoms  (480 
feet),  **  completely  surrounded  on  the  ends,  sides,  and  bottom,  by  the  hard  granite, 
without  leaving  the  slightest  trace  of  its  farther  existence  in  any  direction.^ 

Dimensums  of  Lodts, — The  lodes  of  the  west  of  England  seem  to  be  more 
regular  in  width  than  those  of  the  north,  though  different  lodes  vary  in  width 
from  a  mere  line  to  as  much  as  40  feet.  It  appears  that  an  average  of  between 
3  and  4  feet  may  be  taken  for  their  width,  that  average  being  rather  greater  for 
the  veins  traversing  slate  than  those  running  through  granite.  Lodes  often  change 
their  dimensions  in  passing  from  one  rock  to  another,  but  not  according  to  any 
fixed  rule,  sometimes  becoming  wider,  sometimes  narrower,  in  passing  from  slate 
to  granit^  and  sometimes  showing  no  change.  ||  The  length  of  the  lodes  is  some- 
times as  much  as  seven  miles,  which  Mr.  Game  gives  as  the  length  of  the  United 
Mines  lode,  the  longest  which  he  knew  of.  Mr.  Henwood,  however,  expressly 
Wf%\  that  it  is  not  at  all  certain  that  the  same  lode  was  ever  worked  for  more  than 
a  mile  in  length.  He  attributes  this  uncertainty  to  the  fact  that  "  they  throw  off 
into  the  containing  rock  shoolSf  strings,  and  brancheSf  in  such  abundance,  that 
instead  of  one  champion  lode  the  whole  forms  a  complex  network  of  veins ;  the  lode 
first  discovered  dwindles,  while  some  of  its  offshoots  swell  out,  and  rival  or  surpass 
it  in  size.  '*  **  These  are  evidently  analogous  to  the  strings,  skews,  backs,  and  stoeeps 
of  the  north,  and  may  accompany  a  more  or  less  regular  frtusture,  eitiier  outside 
or  within  its  walls.  It  is  advisable,  in  these  statements,  carefully  to  separate  the 
formation  of  the  fissures  and  cavities,  the  deposition  of  minerals  in  those  cavities, 

♦  Op.  ctt.  V.  p.  286.  t  Op.  cU.  U.  p.  226. 

X  Beport  on  the  Geology  ofDwon  and  ComwM,  p.  844. 
I  J.  W.  Henwood,  Op.  dt  v.  p.  26.  ||  Henwood,  Op.  tU.  v.  234.  ; 

^  /&.  p.  175.  ••  Ih,  177. 
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and  the  formation  of  crystals  of  spars  or  ores  in  the  "  country  "  or  rock  immedi- 
ately adjacent  to  the  cavities.  It  may  be  added  that  the  cross  courses  are  shorter 
and  more  variable  in  width  than  the  right  mnning  veins.* 

Directions  of  the  Lodes, — The  lodes  of  the  west  are  also,  like  those  of  the  north, 
classed  as  right  running  lodes  and  cross  coitrses,  called  at  St  Just  guides^  and  St 
Ives  tratoers,  in  addition  to  which  there  is  an  intermediate  class  spoken  of  as 
counter  or  contra  lodes.  Mr.  Camef  defines  the  right  running  lodes  as  tho6« 
which  do  not  vary  in  direction  more  than  80**  from  E.  and  W.,  the  cross  courses  as 
those  which  run  within  30°  of  N.  and  S.,  and  the  contra  or  counter  lodes  as  those 
which  have  any  of  the  intermediate  bearings.  He  speaks  of  Jlukans  as  veins  con- 
taining only  whitish  or  greenish  clay,  and  of  those  which  run  parallel  to  the  orou 
courses  as  cross  flukans.  The  term  Jlukar^  however,  probably  indicates  merely 
the  clay,  which  is  the  principal  contents  of  some  veins.  Slides  are  said  to  be 
greatly  inclined  veins,$  which  generally  run  E.  and  W.,  and  rarely  N.  and  S.  The 
term  heave  is  used  to  denote  the  shifthig  produced  by  the  intersection  of  one  vein 
with  another  when  regarded  in  plan;  the  term  throw,  when  regarded  in  a  vertical 
section. 

The  downward  direction  of  the  lodes  is  quite  indefinite,  as  neighbouring  veins 
sometimes  underlie  in  the  same  direction,  either  at  the  same  or  different  angles, 
sometimes  towards  each  other,  at  a  similarly  various  inclination.  Mr.  Henwood 
gives  an  angle  of  70**  from  the  horizontal  as  about  the  mean  inclination  of  the  lodes 
in  Ck)mwall. 

Contents  of  the  Lodes, — The  spa/rs  or  veinstones  found  in  the  lodes  of  the  west 
are  chiefly  siliceous,  either  mere  silica,  as  quartz,  jasper,  or  chalcedony,  or  silicate8.§ 
Schorl,  or  tourmaline,  or  "cockle,**  occurs  rather  frequently,  especially  in  tin-mines, 
and  then  generally  above  that  ore,  so  as  to  give  rise  to  the  miner's  saying  that 
"  cockle  rides  on  the  tin.  *'  Fluor-spar,  sulphate  of  barjrta,  and  other  minerals, 
also  occur,  and  sometimes,  but  more  rarely,  calcite  or  carbonate  of  lime.  The 
principal  ores  worked  are  those  of  tin  and  copper ;  but  ores  of  lead,  iron,  zinc, 
cobalt,  and  silver,  and  native  bismuth  and  native  sUver,  also  occur. 

The  earthy  contents  of  the  lodes  are  clays  of  various  kinds,  generally  spoken 
of  asjlukan,  and  such  substances  as  peach,  which  is  a  green  chloritic  clay,  Budpriany 
a  soft  white  clay.  The  gossan,  which  is  often  mentioned,  appears  to  be  a  msty- 
brown  ochrey  substance,  deriving  its  colour  ffom  the  weathering  of  aome  ferru- 
ginous compound,  and  chiefly  confined  to  the  upper  parts  of  the  lodes.  The  clays 
are  probably  the  "  saalbands'*  of  the  German  miners,  and  they  sometimes  occur 
in  more  or  less  regular  seams  or  bands,  parallel  to  the  bands  of  ore  or  spar,  but 
sometimes  apparently  dispersed  irregularly  through  the  other  contents  of  the  lodes. 

There  is,  moreover,  the  substance  called  Capel,  which  forms  siliceous  bands 
on  the  sides  of  the  lodes,  often  containing  hornblende  or  tourmaline,  and  often 
coloured  with  chlorite  or  other  green  substances,  and  either  being  a  more  sUicified 
condition  of  the  "country"  at  the  sides  of  the  lodes,  or  a  deposit  on  the  walls  of 
the  lodes.  I  was  indebted  to  Mr.  Curwen  Salmon  for  calling  my  attention  to 
these  singular  "  capels,"  which  appear  always  to  accompany  the  more  productive 
parts  of  the  lodes.  His  belief  is  that  the  actual  fissures  of  the  lodes  are  rarely 
wider  than  the  thickness  of  a  finger,  and  that  the  ores  and  sx>ars  are  not  so  much 
formed  in  the  fissure  as  in  the  "  country,"  or  rock  at  each  side  of  it,  and  that 
where  the  fissure  passes  through  uncongenial  rock  none  of  these  minerals  occur 

*  Came,-  Trans.  R.  Geol  5o&  Commdl,  vol.  IL  t  Came,  Ih, 

X  T  From  the  perpendicular. 

8  Mr. 'Henwood  says  (Op.  cit.  vol.  v.  p.  170),  that  where  the  contents  of  the  lodes  are  meet 
nniform  they  consist  chiefly  of  quartz,  and  are  there  regularly  Jointed  ;  and,  when  speaking 
of  the  general  composition  of  the  lodes,  at  p.  204,  he  says,  that  much  the  largest  proportion 
of  the  mineral  contents  of  the  lodes  consists  of  quartz. 
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in  its  sides,  bnt  that  where  the  rocks  were  congenial,  the  walls  became  highly 
chai^ged  with  silica,  but  not  as  free  quartz,  as  it  is  in  the  lode.  These  silicified 
walls  are  called  the  **  capels,"  and  they  are  often  accompanied  by  ore. 

In  addition  to  the  "  capels,"  some  of  the  lodes  contain  "  riders,"  which,  how- 
ever, in  the  west  of  England  appear  always  to  be  detached  masses  of  the  adjacent 
"  country,"  fallen  into  the  cavity  of  the  lode,  or  enclosed  between  two  branches  of 
the  lode.  That  part  of  the  contents  of  the  lode  which  occurs  next  the  present  sur- 
face, so  as  to  have  the  spars  and  ores  affected  by  the  weather,  is  called  **  tJie  back"  of 
the  lode.  The  copper  ores  are  often  found  in  the  state  of  malachite  or  carbonate  of 
copper  in  the  backs  of  the  lodes,  while  below  they  pass  into  sulphides.  The  con- 
tents of  the  lodes,  and  sometimes,  I  believe,  the  walls  of  the  lodes  themselves, 
frequently  exhibit  those  polished  striated  surfaces  which  are  known  as  "  slicken- 
side*." 

Mr.  Henwood  has  some  interesting  observations  on  the  relations  between  the 
kinds  of  ore  occurring  in  the  lodes,  and  the  variations  in  the  kind  of  country  they 
traverse.*  He  says  that  some  lodes  have  copper  ore  only  in  the  slate,  and  tin  ore 
only  in  the  granite  ;  that  the  Wheal  Breagne  lode,  in  passing  from  the  granite  to 
the  slate,  instantly  loses  its  tin  ore,  while  Wheal  V or  has  tin  ore  in  the  slate,  but  is 
worthless  in  the  granite.  In  the  St  Austell  district  copper  ores  abound  in  the 
softer  schistose  rocks,  but  in  quartzose  slate,  mica-schist,  and  granite,  tin  ores 
only  are  found.  The  Tresavaen  lode,  however,  gave  enormous  quantities  of  copper 
pyrites  in  the  granite,  but  was  exceedingly  deteriorated  on  entering  the  slate. 
At  Botallack  *a  lode  passes  three  times  from  granite  to  slate,  containing  none  but 
tin  ore  in  the  granite,  and  none  but  vitreous  copper  ore  in  the  slate.  Notwith- 
standing the  occurrence  of  enormously  rich  bunches  of  tin  ore  in  slate  at  Wheal 
Vor  and  other  places,  and  valuable  discoveries  of  copper  pyrites  at  Tresavaen  and 
elsewhere,  yet  the  lodes  in  granite,  elvan,  and  bard  massive  slates  have  yielded 
beyond  comparison  the  largest  quantities  of  tin  ore,  and  of  vitreous  and  earthy 
black  copper  ore,  and  rare  crystallised  varieties  and  uncommon  compounds  of 
copper ;  while  the  lodes  in  the  softer  slates  have  chiefly  afibrded  massive  copper 
pyrites,  and  seldom  any  other  varieties.  Lead  ore  only  occurs  in  lodes  which 
traverse  blue  or  greyish  slates,  generally  at  a  great  distance  from  the  granite,  f 
This,  however,  is  directly  the  reverse  of  what  takes  place  in  Wicklow,  where  the 
lead  ores  occur  in  veins  which  traverse  both  granite  and  slate,  while  the  sulphur 
and  copper  ores  generally  occur  in  slate  and  trap  rocks  at  a  distance  from  the 
granite. 

Much  the  largest  proportion  of  the  mineral  contents  of  the  Cornish  lodes  con- 
idsts  of  quartz,  mingled  with  gossan  in  the  upper  parts,  but  in  some  lodes  in  granite 
gossan  is  found  at  great  deptlis.  The  greatest  nttmber  of  rare  and  curious  minerals 
are /bund  in  these  gossany  parts  of  the  lodesy  evidently  the  result  of  comparatively 
recent  actions  and  reactions  under  atmospheric  influences.  Iron  and  copper  pyrites 
are  by  far  the  most  abundant  ores  in  the  lodes,  and  they  are  mixed  in  every  pos- 
sible proportion.:]:  Almost  the  whole  mineral  wealth  of  Cornwall  appears  to  occur 
within  two  or  three  miles  of  the  line  of  junction  of  the  slate  and  granite,  yet  no 
part  of  that  tract  is  said  to  be  richer  than  another,  nor  are  the  lodes  which  have 
one  Wall  granite  and  the  other  slate  generally  the  richest  lodes. 

There  are  also  in  Mr.  Kenwood's  paper  §  many  interesting  observations  on  the 
mode  of  occurrence  of  the  ores  and  tite  substances  associated  with  them.  When 
tin  ore  is  found  in  a  lode  traversing  slatb  it  is  always  accompanied  by  capely  i.e, 
the  slate  is  hard  and  quartzose,  and  the  tin  ore  is  more  minutely  dispersed, 
i.e.  in  smaller  granules,  than  it  is  in  the  lodes  which  traverse  granite,  where 
the  crystalline  granules  of  tin  ore  rarely  exceed  a  pea  in  size.     In  slates  near 

•  Op.  eit.  vol.  V.  p.  190.  t  Th.  224. 

X  Henwood,  loceU,  |  lb.  p.  226,  et  aeq. 


302  GEOGNOSY. 

fossiliferous  localities  (East  Creimis,  Fowey  Consols,  etc.),  the  large  lodes  con- 
tain chiefly  white  crystalline  cavities,  with  dnisy  cavities  called  *^vughs^*  which 
appear  to  answer  to  the  cayities  in  the  veins  ntentioned  by  Mr.  Forster  (see  p.  296). 
lliese  vughs  are  said  to  be  fewer  in  the  neighbourhood  of  the  granite,  but  when 
they  do  occur  to  be  of  larger  dimensions.  It  is  also  stated  that  many  of  the  largest 
and  richest  bunches  of  tin  and  copper  ore  are  found  close  by  cross-courses  and 
flukaus,  and  often  only  on  one  side  of  them,  the  lode  on  the  other  side  of  them 
being  worthless.  *  As  these  cross-courses  and  flukans  commonly  contain  substances 
which  interrupt  the  flow  of  water  in  the  lodes,  it  would  seem  as  if  there  were  a 
connection  between  that  flow  and  the  deposition  of  the  ore. 

IntenecHons  of  the  Lodes. — Mr.  Came,  depending  on  the  facts  relating  to  the 
intersection  of  the  different  lodes,  divides  them  into  different  classes,  according  to 
age,  as  follows  :  f — Ist,  T^e  oldest  tin  lodes  which  generally  underlie  to  the  ncurtii, 
and  are  traversed  and  heaved  by  2d,  The  newer  tin  lodes^  generally  underlying  to 
the  south.  These  are  almost  always  rig?U  running  lodes,  but  at  St  Just  some 
counter  lodes,  and  at  Polgooth  one  cross-course,  contain  tin  ore ;  3d,  The  oldest 
right  running  copper  lodes  mostly  underlying  to  the  N.,  but  some  to  the  S^  while 
some  change  their  underlie.  These  are  the  principal  lodes.  The  most  promising 
are  those  which  have  gossan  or  rusty  iron  ore  on  tbe  back.  The  junction  of  two 
of  these  copper  lodes,  with  no  apparent  intersection,  is  said  to  be  common,  and  it  is 
also  said  that  when  they  underlie  in  the  same  direction,  but  meet  in  consequence 
of  the  difference  in  their  angles,  the  richness  of  the  mine  is  increased,  but  if  their 
underlie  is  in  different  directions  they  become  barren  where  they  meet.  A  sudden 
change  in  the  richness  of  the  lode  is  said  to  be  the  result  of  a  change  in  the  slate 
rather  than  the  nature  of  its  contents,  as  £pom  a  hard  quartz  or  ca^el  to  a  ''soft 
chlorite  called  peach."  Most  of  these  lodes  have  small  interrupted  **flakan 
veins."  Some  have  tin  above  and  copper  below,  only  one  being  known  to  hAve 
had  copper  ore  above  tin.  The  nature  of  the  rock  traversed  seems  to  have  an 
effect  on  the  richness  of  the  lodes.  No  very  rich  copper-mine  occurs  wholly  in 
granite,  but  in  some  there  is  an  improvement  in  passing  from  the  slate  into  tbe 
granite,  while  in  others  the  reverse  was  observable,  and  in  some  no  change  was  per- 
ceptible. The  richest  part  of  the  mine  is  said  to  be  generally  about  the  junction 
of  the  two  rocks,  especially  when  one  wall  is  granite  and  the  other  slat&  4tii, 
Contra  copper  lodes.  These  generally  contain  more  flukan  than  the  last  class, 
but  are  often  as  productive  in  copper.  5th,  The  Cross-Courses.  Their  width  is 
often  greater  and  more  variable  than  that  of  the  preceding  classes.  Their  under- 
lie is  various,  sometimes  to  the  E.  and  sometimes  to  the  W.,  but  those  which  point 
to  the  E.  of  N.  generally  underlie  to  the  W.,  and  vice  versa.  They  are  the  cause 
of  great  trouble  by  shifting  the  right  running  veins,  and  sometimes  ''cutting  oat 
all  the  riches,*'  but  are  sometimes  advantageous  in  consequence  of  their  flukan 
keeping  out  the  water.  They  often  contain  iron  ores,  such  as  haematite  and 
speculajT  iron  ;  and  lead  ore  chiefly  occurs  in  them.  They  do  sometimes,  however, 
contain  copper  and  tin.  6th,  More  recent  copper  lodes.  Some  R  and  W.  copper 
lodes  which  are  said  to  cut  the  contra  lodes  and  cross-courses  are  placed  in  this 
class,  and  also  some  containing  lead  ore.  These  are  said  to  have  more  flukan  than 
the  preceding  classes.  7th,  Ftuhans,  and  8th,  Slides,  contain  nothing  but  day, 
but  are  said  to  intersect  and  heave  all  the  rest,  and  the  slides  to  affect  dteyfu^oiu. 

This  arrangement  is  a  graphic  way  of  representing  the  facts,  but  it  has  already 
been  pointed  out  that  the  intersection  of  veins,  unless  observed  with  great  cautkM, 
is  a  less  trustworthy  ground  of  determination  of  their  relative  dates  than  it  would 
be  in  the  case  of  the  intersection  of  dykes  and  veins  of  igneous  rock.  Dr.  Boase, 
in  a  subsequent  paper,  points  out  that  there  are  exceptions  to  all  Mr.  Game's  dasaes 

*  Henwood,  Op.  eU.  233. 
t  In  his  well-known  paper  already  cited.  Trans.  Boy.  GeoL  Sac.  Cornwall,  vol.  IL 
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of  veinft.  Mr.  Came  more  recently  olxenred  that  when  lodes  intersect  or  unite  at 
a  greater  angle  than  A5%  the  union  is  not  productive,  but  if  they  meet  at  an  angle 
of  20"  or  30**  the  richness  of  the  veins  is  generally  increased.* 

It  appears  that  the  rule  as  to  the  directions  of  the  heaves,  when  one  vein  is  cut 
hy  another,  though  in  many  cases  the  same  as  the  rule  as  to  the  /heave  or  throw  of 
an  inclined  bed  when  intersected  by  a  fault,  is  by  no  means  invariably  so.  If, 
however,  an  inclined  vein  existed,  and  was  fiUed  up  by  spars  and  ores,  and  that 
vein  were  cut  by  a  fault  which  afterwards  became  a  mineral  vein,  there  would  be 
no  reason  why  the  direction  of  its  h^ave  or  throw  should  be  different  fh>m  that 
which  it  would  have  had  if  it  had  been  a  bed  intersected  by  a  fault.  When  this 
role  is  not  followed,  then  the  evidence  as  to  the  relative  age  of  the  intersecting 
lodes  becomes  untrustworthy. 

Oarbonaa. — The  carbonas,  which  Mr.  Henwood  says  are  analogous  to  the  pipe 
veins  of  the  ncoih,  appear  to  be  cavernous  spaces  which,  however  they  were  formed, 
were  subsequently  filled  with  spars  and  ores,  and  other  matters,  in  the  same  way 
as  the  pipe  veins  were  filled,  namely,  by  the  deposition  of  those  matters  from  per- 
colating waters.  He  describes  the  one  which  occurs  in  the  St.  Ives  Ck>nsoIidated 
mines  t  as  a  large  chamber-like  enlargement  of  the  lode,  from  which  strings  and 
veins  branch  off  in  all  directions.  It  is  in  the  granite,  and  varies  from  24  feet  to 
60  feet  in  height  and  width,  and  has  been  traced  for  240  yards  lengthwise.  Its 
contents  are  quartz,  felspar,  schorl,  and  oxide  of  tin,  irregularly  disseminated,  but 
in  parts  it  contains  fluor  (which  the  lode  does  not),  chlorite,  common  and  blistered 
copper  pyrites,  iron  pyrites,  and  traces  of  vitreous  copper  ore  or  copper  glance. 
'*The  whole  may  be  described  as  an  assemblage  of  pipes,  strings,  brariches,  shoots, 
and  veins,  converging  into  one  grand  trunk,  which  extends  to  the  S.E.,  dipping  at 
1  in  6.  It  is  on  all  sides  surrounded  by  hard  granite,  and  nowhere  reaches  the 
surface." 

Floors  of  Tin  Ore4^ — ^The  "floors"  are  spoken  of  as  beds,  and  beds  of 
"samet "  and  *'  hornblende  slate  "  are  mentioned  ;  and  also  floors  of  ochraceous 
ironstone  alternating  with  the  tin  stone.  They  are  said  to  dip  at  the  rate  of  three 
feet  in  a  fathom  (27^)  to  the  north,  and  to  have  been  worked  for  a  distance  of 
forty  fathoms  both  on  the  dip  and  the  strike.  It  would  appear  as  if  the  rock 
(granite,  elvan,  and  killas,  but  chiefly  the  former)  had  been  impregnated  by 
rather  irregular  but  parallel  layers,  or  short  interrupted  veins  of  tin  stone.  In 
Trewellard  there  were  perhaps  twenty  floors  of  tin  stone  in  the  slate,  within  forty- 
two  feet  of  the  surface,  one  of  them  being  two  feet  thick  and  two  feet  wide,  and 
tbey  occurred  near  the  junction  of  several  tin  lodes.%  At  Botallack  tin  floors 
occurred  both  in  slate  and  in  granite,  both  near  the  junction  of  tin  lodes,  and 
where  no  such  junction  took  place  :  the  '*  floors  "  of  tin  ore  alternated  with  floors 
of  the  **  country  "  (whether  slate  or  granite),  each  being  from  six  to  twelve  feet 
thick,  and  from  ten  to  forty  feet  across.  They  were  always  found  on  one  or  both 
sides  of  a  tin  lode,  but  sometimes  only  connected  with  it  by  a  string.  ||  Copper 
ore  also  sometimes  occurs  in  floors.  § 

Gold  Mines.— €k>ld  is  found  disseminated  in  grains,  crystals,  threads, 

pockets,  '*  nuggets,"  and  other  irregular  forms,  through  many  different 

rocks.     It  is  very  commonly  associated  with  the  quartz  of  quartz  veins, 

also  in  granite,  gneiss,  schist,  etc     But  it  is  also  more  rarely  met  with 

*  Tram.  OtoL  Soe.  Comwail,  voL  II.  p.  806.  t  Ih.  voL  v.  p.  16. 

t  Described  in  a  paper  by  Mr.  Hawkins  in  the  2d  vol  of  the  Trans.  Roy.  GeoU  Soe. 
ConucoO,  "  On  the  stratifled  deposits  of  tin  stone,  called  tin  floors,"  which,  however,  I 
have  not  found  very  easy  to  understand. 

I  Carne,  Op.  eit.  vol.  it    Mines  of  St.  Just. 

tl  Carne,  loe,  cU.  %  Henwood,  Op.  eit. 
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in  the  form  of  grains  in  the  shales  and  other  unaltered  stratified  rocks. 
It  usually  occurs  as  native  gold,  that  is  pure,  or  only  slightly  aUoyed 
by  its  mixture  with  other  metals.  It  is  often  found  mixed  with  iron 
pyrites,  or  with  silver,  as  silver  is  with  galena.  The  veinstone  in  which 
gold  is  found  is  generally  a  pure  white  quartz,  in  which  other  ores  are 
sometimes  mixed,  especially  those  of  iron,  usually  in  the  form  of  iron 
pyrites. 

In  the  auriferous  districts  of  Australia  the  veins  of  gold-heariug  quartz  are 
spoken  of  as  "  reefs."     The  regular  parallelism  of  the  north  and  south  quartz 
veins,  laid  down  on  the  beautiful  maps  of  the  Geological  Survey  of  Victoria,  under 
the  direction  of  my  old  friend  and  colleague  Mr.  R.  A.  C.  Selwyn,  suggests  the 
idea  of  these  reefe  being  regular  lodes.     An  excellent  digest  of  Mr.  S^wyn's 
operations  is  given  in  Notes  en  the  Physical  Oeography,  Qe^ogy^  and  Minereicyif 
of  Victoria,  by  himself  and  his  colleague  Mr.  Ulrich,  published  in  Melbourne  in 
tiie  year  1866.    These  quartz  *'  ree&  "  are  described  at  p.  13  and  elsewhere,  and 
they  are  especially  well  delineated  on  the  sheets  of  the  map,  Noe.  9,  13,  1^  and 
15.    They  are  said  to  be  inclined  at  all  angles,  both  to  the  £.  and  the  W.,  varying 
from  the  vertical  to  the  horizontal,  occasionally  coinciding  with  the  planes  of  the 
strata,  sometimes  with  those  of  the  joints,  or  the  cleavage,  and  occasionally 
crossing  alL    They  vary  in  width  from  a  mere  thread  to  130  feet.     These  quaitz 
veins  have  been  mined  to  a  depth  of  590  feet,  stone  from  that  depth  having 
yielded  five  ounces  of  gold  to  the  ton.    The  slates  traversed  by  these  quartz  veins 
are  of  Lower  Palaeozoic  age.     One  curious  fact  mentioned  is,  that  in  the  deeper 
parts  of  the  quartz  reefs  the  gold  is  disseminated  in  more  minute  particles  than 
nearer  the  surface;  and  that  no  "nugget"  has  ever  been  found  in  a  "quartz 
reef,"  at  all  rivalling  in  size  those  more  magnificent  masses  found  in  the  alluvial 
deposits,  which  are  of  course  derived  from  the  waste  of  still  higher  parts  of  thd 
reefs  than  those  which  now  appear  on  the  surface.  *      The    g(Ad   procured 
directly  from  the  *' quartz  reefs  "  mostly  occurs  "  in  hackly  grains,  thin  plates  with 
ragged  edges,  often  above  one  inch  square,  in  filiform  shapes  and  irr^ular  crystal- 
line masses,  but  very  rarely  arborescent  or  reticulated.     Perfect  crystals  of  goM 
occur  generally  in  the  clayey  or  ferruguious  ochry  casings  of  the  reefs,  near  tbe 
surface."     These  crystals  occur  there  under  the  same  conditions  as  those  rarer 
mineral  forms  found  in  Cornwall  in  the  gossan  on  the  "  backs  **  of  t^  lodes, 
where  the  minerals  have  been  acted  on  by  the  weather.     In  the  deeper  parts  oi 
the  quartz  reefs  there  is  often  no  appearance  of  any  gold  at  all,  although  it  is  dif- 
fused through  the  mass  of  the  veinstone  in  very  profitable  quantities.     There  is  a 
very  remarkable  speculation  of  Mr.  Selwyn 's,  to  the  effect  that  the  large  nugg^ 
found  in  the  drift  of  certain  localities,  and  not  in  the  *'  reefs  "  or  even  in  the  drift 
of  other  districts,  may  perhaps  have  been  increased  in  size  by  the  pas»ge  of  water 
through  the  drift,  containing  gold  in  solution,  and  depositing  it  on  the  smaSer 
masses  already  existing  there.     In  support  of  this  speculation  it  is  stated  that 
aurifei'ous  iron  pyrites  occurs  in  the  cavities  of  pieces  of  driftwood  in  these  gravds, 
and  in  the  form  of  roots  and  branches  of  trees.     Mr.  Selwyn  also  states  tha: 
Mr.  Daintree  has  observed  that  a  speck  of  gold  lying  in  a  solution  of  chloride  of 
gold,  was  increased  several  times  in  size  after  a  small  piece  of  eork  had  fallen  into 
the  solution,  as  if  the  presence  of  organic  matter,  which  is  found  abundantly  is 
the  drifts,  contributed  to  the  deposition  of  gold  from  its  solution.   Mr.  C.  WiOdB- 

*  The  largest  "  nugget "  ever  found  in  a  quartz  reef  is  said  to  have  weired  ftimtwa 
pounds,  and  to  have  been  got  at  a  depth  of  forty  feet  The  largest  nugget  foond  in  tbe 
gravels  is  said  by  Mr.  A.  Phillips  to  have  weighed  238  lbs.  4  oz.  troy. 
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son,  of  the  Geological  Survey  of  Victoria,  likewise  observed  that  not  only  particles 
of  gold,  but  those  of  many  other  metals  and  minerals,  immersed  in  a  solution  of 
chloride  of  gold,  received  coatings  of  gold  when  any  oi^ganic  matter,  as  a  chip  of 
wood,  was  dropped  into  the  solution.  Mr.  Selwyn  remarks  that  the  waters  that 
passed  through  the  drifts  during  the  outpourings  of  the  great  basaltic  masses  which, 
near  Ballarat,  etc.,  overlie  some  of  the  auriferous  sands  and  gravels,  would  probably 
have  been  more  or  less  thermal  and  saline,  and  it  is  only  in  the  regions  where 
these  basaltic  plateaux  occur  that  the  large  "  nuggets  "  are  found  in  the  drifts, 
those  of  other  districts  rarely  exceeding  an  ounce  in  weight.  Here,  again,  we 
have  a  curious  coincidence  of  argument  in  favour  of  the  aqueous  and  comparatively 
modem  origin  of  many  of  our  metalliferous  deposits.* 

Many  other  metals  besides  gold  occur  in  the  auriferous  "  quartz  reefs  "  or  lodes 
of  Australia,  especially  the  ores  of  copper,  lead,  tin,  and  iron,  but  they  are  com- 
paratively neglected  by  the  miners.  Numerous  spars  also  occur,  many  of  them 
of  the  kind  called  **  precious  stones,"  or  gems. 

A  work  has  lately  been  published  by  Mr.  A.  PhiUips,  entitled  The  Mining  and 
Metallurgy  of  Gold  and  Silver,  in  which  the  student  will  find  ample  information 
on  this  subject  It  is  there  stated  that  Mr.  Selwjm,  judging  from  the  compara- 
tively poor  gravels  of  an  older  tertiary  period,  compared  with  those  of  a  more 
recent  date,  has  come  to  the  opinion  that  there  must  have  been  two  sets  of 
quartz  reefs,  one  comparatively  poor,  preceding  the  Miocene  period ;  while  the 
more  recent  sets  of  reefs  were  of  a  richer  character.f  It  is,  however,  obviously 
possible  that  the  same  set  of  **  reefs "  may  have  become,  in  the  latter  period, 
more  richly  impregnated  with  gold  that  they  were  previously. 

Mr.  W.  J.  Henwood  has  in  the  press  a  work  on  Mining,  of  which  he  has 
been  so  kind  as  to  let  me  see  the  proof  sheets  of  the  part  relating  to  the  gold- 
mines of  Minas  Geraes  in  Brazil.     They  are  full  of  the  most  valuable  descrip- 
tions and  details,  but  rather  adapted  to  the  professed  miner  than  the  student. 
I  gather,  however,  from  his  descriptions,  that  there  is  a  great  series  of  rocks, 
consisting  of  granite,  gneiss,  micaceous  and  talcose  schists,  and  day-slate,  all  in 
places  impregnated  with  gold.     In  one  part,  gold  in  grains  is  said  to  occur  as 
one  of  the  constituents  of  the  granite,  and  to  be  scattered  here  and  there 
through  the  whole  series  of  other  rocks.     Veins  of  auriferous  quartz,  either  veins 
of  segregation    or   lodes,  occur,  either  coinciding  with  the  stratification,  the 
cleavage,  or  the  joints,  or  crossing  them  all  obliquely.     Bands  of  different  kinds 
of  iron  ores  are  said  to  occur  in  some  of  the  clay  ironstone  interstratified  with 
the  slates,  and  associated  with  these  are  certain  conformable  beds,  from  which  the 
greatest  riches  of  gold  have  been  obtained.     These  vary  from  two  to  six  inches  in 
thickness,  and  extend  for  many  feet  or  fathoms,  containing  lumps,  flakes,  and 
granules  of  gold,  sometimes  isolated,  often  clustered,  but  generally  united  by  in- 
tertwining threads  of  gold.     These  layers  are  said  to  get  gradually  poorer  in  gold, 
and  merge  into  the  neighbouring  strata.    They  seem,  in  their  mode  of  occurrence, 
to  resemble  the  iron  pyrites  (sulphur  ore)  of  Wicklow,  except  in  their  much 
smaller  quantity.     Mr.  Warrington  W.  Smyth  long  ago  described^  the  latter 
minerals  as  occurring  not  in  a  lode  with  distinct  walls,  but  as  impregnating  the 
slate  in  great  quantity  in  a  certain  band  of  country,  running  N.E.  and  S.W.  for 
about  nine  miles,  and  perhaps  accompanying  a  lode  or  fissure. 

An  analogous  mode  of  occurrence  of  silver  is  mentioned  by  Mr.  A.  Phillips  § 

*  The  student  will  find  much  usefbl  information  on  these  gold-reefs,  and  the  theories  as 
to  tbelr  origii\,  in  Mr.  Brongh  Smyth's  handsome  volume  on  the  Gold  Fields  of  Vietoria, 
Helboome,  IMO. 

t  Page  107. 

t  In  the  Mining  Beeorda  cif  the  Gtciogieal  Svrvey,  vol.  I  p.  3. 

I  Op.  ctt.  p.  S53. 
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in  his  description  of  the  silver-mines  of  Norway.  He  883^8,  "  These  mines  are 
situated  in  gneiss  and  mica-schist.  .  .  The  silver  occurs  in  what  are  called 
fahlbands,  which  consist  of  parallel  belts  of  rock  .  .  the  direction  of  which 
is  nearly  N.  and  S. ;  they  are  irregular  in  their  dimensions,  but  constantly  pre- 
serve a  certain  degree  of  parallelism  with  each  other,  and  may  be  traced  for  an 
extent  of  several  miles."  .  .  The  fahlbands  are  themselves  traversed  by  tne 
veins  containing  silver  ore,  but  only  when  they  intersect  the  fahlbands. 

Stanniferous  and  Auriferous  Oravels:  Stream  works. — Tin  and 
gold,  two  of  the  most  valuable,  and  one  of  them  the  heaviest  of  metak 
(except  platinum)  have  been  procured,  and  are  still  being  procured,  in 
different  parts  of  the  world,  not  only  in  veins,  or  from  the  mass  of 
rocks,  but  from  the  clays,  sands,  and  gravels  of  river  valleys  in  which 
the  debris  of  the  rocks  has  been  deposited.  Their  occurrence  there  is 
obviously  no  part  of  our  present  subject,  and  it  may  simply  be  noted 
that  many  of  these  deposits  are  richer  in  ore  than  any  part  of  the 
mass  of  the  rock  or  veins  from  the  degradation  of  which  they  have  been 
derived.  This  manifestly  results  chiefly  from  the  destruction  of  these 
rocks  having  been  effected  by  the  forces  of  denudation,  and  the  greater 
specific  gravity  of  the  metals  having  rendered  their  transport  less  easy 
than  that  of  the  rock.  The  siliceous,  argillaceous,  and  calcareous  par- 
ticles have  been  carried  off,  the  heavier  metalliferous  ones  have  been 
left  behind.* 

The  theoretical  considerations  suggested  by  mineral  veins  do  not 
come  within  the  scope  of  the  present  or  geognostic  section  of  this 
Manual.     This  will  be  discussed  in  the  section  on  Geological  Agencies. 

Explanation  of  some  Mining  Terms,  t 

Adit — The  gallery  or  level  driven  in  from  some  neighbouring  low  ground  to  cut  & 
vein. 

After-damp  or  Choke^mp — Carbonic  acid  gas,  which  usually  succeeds  to  an  ex- 
plosion of  "  fire-damp  "  in  a  coal -mine. 

A  ttte- — The  refuse  of  the  workings  of  u  vein  mine. 

Boick  of  a  lode — The  part  near  the  surface,  or  that  above  the  adit  level,  generally 
more  or  less  affected  by  weather. 

Blackjack — Zinc  blende,  sulphide  of  zinc. 

Boards  or  Brow — Tlie  gallery  in  a  eoal-mine  which  is  cut  across  the  "face**  of 
'the  coal. 

Brattice — A  wall  of  timber  or  brick,  either  dividing  a  shaft  into  compartments,  or 
erected  across  a  gallery  either  temporarily  or  permanently. 

Buddie — A  trough  for  washing  pounded  ore,  and  separating  it  from  the  gangue. 

Capels — Siliceous  bands  at  the  sides  of  the  lodes  in  Cornwall,  etc. 

*  Many  carious  and  interesting  accounts  of  the  washing  for  Un  and  gold  will  be  tonaA 
in  the  works  already  referred  to,  and  in  other  similar  ones. 

t  In  the  last  edition  of  this  Manual  there  was  a  chapter  containing  some  notes  on  tte 
art  of  mining.  The  publication  of  Mr.  Warrington  W.  Smyth's  little  work  on  Coai  md 
Coal-mining  renders  any  remarks  of  mine  on  that  sutdect  qnite  snperflnons,  and  I  hope  Im 
will  shortly  give  us  a  similar  book  on  *' Vein-mining.'*  It  may  be  useful,  however,  to 
retain  in  an  amplified  and  corrected  form  the  explanation  of  mining  terms. 
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Carbona — Cornish  name  for  a  large  caveniouB  enlargement  of  a  lode. 

Cauk — Barytes,  sulphate  of  baryta. 

Champion  Lode — ^The  main  rein,  as  distinguished  from  lateral  strings  and  branches. 

Cockle — Cornish  term  for  either  schorl  or  hornblende. 

Coffins — Old  works  on  the  tin-lodes  in  Cornwall. 

Costeamng — Sinking  shallow  pits  at  intervals  down  to  the  solid  rock,  and  then 
driving  headings  at  right  angles  to  the  general  course  of  the  veins  in  a 
country,  for  the  purpose  of  discovering  ore. 

Counter^  Contra,  or  CaunUr  Lode — ^A  lode  cutting  a  "right  lode"  obliquely  be- 
tween it  and  the  cross  course. 

Country  or  Ground — ^The  mass  of  rock  through  which  a  vein  runs. 

Cross  Course — A  lode  more  or  less  nearly  at  right  angles  to  the  main  or  right 
running  lodes  of  a  district. 

Cross  Cut — A  horizontal  gallery  not  driven  in  the  lode. 

Cross  Flukan — A  vein  of  flukan  running  like  a  cross  course. 

Deads — The  rubbish  left  behind  in  working  a  vein-mine. 

Dead  Vein — ^A  northern  term  for  one  that  carries  no  ore. 

Douk  or  Dauk — ^A  northern  term  for  a  mass  of  clay  in  a  vein. 

Fahlbands^A  Norwegian  term  for  belts  containing  silver  ore,  which  run  in  parallel 
N.  and  S.  lines,  but  seem  to  be  interstratified  with  the  slate-rocks. 

Fire-damp — Carburetted  hydrogen  gas,  which,  when  mixed  with  a  certain  propor- 
tion of  air,  becomes  explosive  on  the  application  of  flame.  In  some  coalfields 
it  is  called  svlphwr.  Sir  H.  Davy  showed  that  a  mixture  of  seven  volumes  of 
air  to  one  of  fire-damp  is  the  most  explosive  compound  ;  when  the  propor- 
tions of  atmospheric  air  are  less  than  four  or  more  than  fourteen  to  one  of 
fire-damp,  it  is  not  explosive. 

Flats — A  northern  term  for  deposits  of  ore  that  take  the  place  of  beds. 

Floors — See  tin-fioors, 

Flucan  or  Flvkan — ^A  vein  or  seam  of  day,  or  any  impure  argillaceous  substance 
occurring  in  a  vein. 

Foot  Wall — The  under  wall  of  an  inclined  vein. 

Gangve — ^The  matrix  of  the  ore  in  a  vein. 

Gate-road. — A  gallery  driven  along  the  "  face  "  of  the  coal,  a  main  passage  or  road 
in  a  mine.  Gkite  literally  means  that  through  or  along  which  you  go.  In 
many  towns  the  old  streets  are  called  gates,  not  because  they  lead  to  what 
we  should  now  call  the  gates  of  a  town,  but  because  they  were  the  places  for 
going  along.     A  gate  is  properly  a  passage,  not  that  which  stops  it 

Go<nf,  or  Gob — ^The  more  or  less  empty  space  left  by  the  extraction  of  a  seam  of 
coaL 

GcUrin — The  refuse  fhigments  left  in  working  a  coal-mine,  often  piled  up  to  sup- 
port the  roof  in  the  part  worked  out. 

Gossan — ^A  brown  ochrey  substance,  often  found  at  the  surfaoeipart  of  a  lode ;  it 
consists  of  oxide  of  iron,  often  in  a  powdery  state,  like  ordinary  iron  rust, 
coating  quartz,  or  other  substances  in  the  vein. 

Grotoan — Oranite  decomposed  in  siiUy  often  at  great  depths. 

Guides — ^The  name  applied  to  cross  cowrses  at  St  Just,  ComwalL 

Hcuie — ^The  inclination  of  a  vein  or  fault  from  the  perpendicular. 

Hanging  Wall — The  upper  wall  of  an  inclined  vein,  or  that  which  hangs  over  the 
miner's  head  when  in  the  vein. 

Heading — A  small  gallery  driven  in  advance  of  a  gate-road,  or  for  any  temporary 
purpose. 

i7(>^Hi^--0utting  under  a  bed  of  coal  for  a  certain  distance,  so  as  to  deprive  it  of 
support,  and  allow  of  its  falling  down  when  cut  away  at  the  sides,  or  when 
we^es  are  driven  in  at  the  roof. 

Horse — Commonly  applied  by  vein-miners  to  any  large  detached  mass  of  rock 


308  GEOGNOSY. 

occnrring  in  a  vein,  or  lying  between  two  branches  of  a  vein  :  by  colliers  to 
any  mass  of  rock  occurring  in  the  coal. 

Jockey  or  Jackhead  Pit — ^A  small  shaft  sunk  in  a  coal-mine  for  any  temporuy 
purpose. 

Killas — The  Cornish  term  for  day -slate,  especially  when  fragile  and  easOy  break- 
ing into  small  fragments. 

Leader — A  string  or  small  vein  which  leads  to  the  main  vein,  or  is  supposed  to 
do  so. 

Level — ^A  horizontal  gallery  driven  in  a  metalliferous  vein. 

Loch,  or  Loch-hole — ^A  northern  term  for  a  cavernous  space  in  a  vein«  sometimes 
lai^  enough  for  three  men  to  turn  in. 

Peach — Any  soft  green  chloritic-looking  substance  in  a  vein. 

Pitch — ^A  portion  of  a  vein  prepared  and  set  apart  for  working. 

Pit  eye — Coal  left  surrounding  the  bottom  of  a  shaft,  so  as  to  prevent  the  rocks 
about  it  or  the  shaft  itself  being  shaken. 

Prian — A  Cornish  term  for  soft  white  clay  in  a  vein,  which  is  supposed  to  be  a 
good  indication  of  ore. 

Quick  Vein — ^A  northern  term  for  a  vein  that  bears  ore. 

Hake  Vein — ^A  northern  term  for  a  fissure  or  fault  which  carries  spar  and  ore;. 

Hider — A  mass  of  rock  or  of  compacted  fragments  in  a  vein. 

Rising — Excavating  upwards. 

Shaft-— A  pit  open  to  the  surface. 

Shakes — llie  same  as  lochs. 

Shoad-siones — Fragments  of  ore  found  in  a  stream  below  where  it  crosses  a  vein  ; 
sheading  is  searching  for  these  stones  in  order  to  find  the  vein.  Sometimes 
the  stream  may  be  banked  up  so  as  to  make  a  small  lake  or  pond,  which  is 
then  suddenly  let  loose  in  order  to  wash  the  bed  of  the  stream  bare,  and  dis- 
close any  veins  or  lodes  that  may  cross  it. 

Sinking — Excavating  downwards. 

Skew — A  northern  term  for  a  fissure  or  vein  striking  out  irregularly  from  the  main 
vein  for  a  short  distance. 

Slickenside — A  polished  striated  surface  of  a  bed,  joint,  fissure,  or  vein,  or  any 
other  rock  or  mineral  surface. 

Slides — Cornish  name  for  veins  of  slimy  clay  in  fissures,  generally  mnning  E. 
and  W. 

Spar — Crystals  of  any  non-metallic  mineral, 

Stemples — In  Derbyshire,  the  shafts  of  the  vein-mines  are  often  ascended  and 
descended,  not  by  ladders,  but  by  pieces  of  wood,  called  stempUs,  fixed  in  the 
side  of  the  shaft. 

StopCy  or  Step — Tlie  parts  of  a  vein  in  work  ;  one  set  of  men  having  proceeded, 
another  set  follow  them  and  excavate  the  next  step  above  or  below  the  first, 
according  as  the  stopes  are  overhand  or  vmderhand.  Overhand  stopes  are 
those  where  the  miners  excavate  the  stuff  above  a  level  by  successive  steps 
upwards,  building  stages  as  they  proceed,  in  order  to  catch  the  stuff  as  it 
ftdls.  Underhand  stopes  are  those  in  which  they  dig  down  below  a  level  in 
successive  steps,  likewise  erecting  stages  as  they  proceed,  and  leaving  or 
makiug  a  permanent  roof  or  covering  to  the  level  below. 

Stovxes — In  tl^  part  of  Derbyshire  known  as  the  King's  Field,  any  man  who  can 
discover  a  vein  has  by  ancient  law  the  right  to  work  it.  He  makes  his  claim 
by  fixing  up  a  windlass,  or  a  small  wooden  model  or  imitation  of  a  windlass, 
called  a  Stoioce,  which,  if  not  removed  by  the  lord  of  the  soil  within  a  certain 
short  time,  makes  him  owner  of  the  mine. 

String — In  the  north  a  small  fissure  which  runs  in  a  straight  course  at  an  oblique 
angle  frx)m  a  main  vein,  and  either  terminates  or  leads  into  a  parallel 
vein. 
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Sweeps  or  Back — A  northern  term  for  a  fissure  containing  ore  which  sweeps  off 
firom  the  hanging  wall  of  a  vein  and  comes  back  into  it  again. 

Tampinff — ^A  term  used  in  blasting,  either  in  a  mine  or  a  quarry,  to  signify  the 
clay,  sand,  or  rubbish  rammed  down  on  the  powder  in  a  bore-hole,  for  the  pur- 
pose of  preventing  the  powder  from  being  merely  blown  out  of  the  hole  as 
from  a  gun,  and  compelling  it  to  burst  the  rock  in  which  it  has  been  drilled. 

Tin-Jloors — Horizontal  layers  of  tin  ore,  which  seem  as  if  interstratified  with  the 
including  rock. 

Tra'wn — ^The  name  given  at  St.  Ives  to  a  cross  course, 

Tributen — A  Cornish  term  for  men  who  undertake  to  get  a  certain  '*  pitch  "  of  a 
vein  for  a  percentage  of  the  profits,  varying  perhaps  from  a  quarter  to  three 
quarters,  according  to  the  richness  or  poorness  of  the  vein. 

Tubbing — In  sinking  a  shaft  for  a  coal-mine,  if  a  soft  incoherent  bed  be  met  with, 
or  if  a  great  influx  of  water  occur  in  any  beds,  iron  cylinders  are  built  into 
the  shaft,  to  prevent  either  the  incoherent  matter  or  the  water  from  falling 
into  the  mine  below. 

Tvimen — ^A  Cornish  term  for  miners  who  excavate  any  matter,  either  rock  or 
vein  stufi^  at  so  much  a  fathom  or  so  much  a  ton — ^tiiose  who  work  by  piece- 
work. 

Underlie — ^The  inclination  of  a  vein  or  fault  from  the  perpendicular,  the  comple- 
ment  of  the  dip. 

Vein  Stone — ^The  compact  or  uncrystallised  non-metallic  contents  of  a  vein. 

Vogh,  or  Vugh — ^An  occasional  cavity  or  hole  in  a  vein. 

WaUs — The  sides  of  a  vein  ;  when  inclined,  the  one  which,  when  the  miner  is  in 
the  vein,  hangs  over  his  head,  is  called  the  hanging  or  top  wall,  the  one 
under  his  foot  is  called  the  foot  or  ledger  wall. 

Wheal — In  Cornwall,  mines  are  often  called  Wheals,  a  way  of  spelling  the  old 
Cornish  name  Huel,  a  mine. 

Winze — In  a  vein-mine  what  a  jackey-pit  is  in  a  coal-mine  :  a  shaft  not  sunk  from 
the  surface,  but  in  the  mine,  to  communicate  between  the  different  levels. 
In  a  lai^  vein-mine,  however,  they  are  numerous  and  necessary  parts  of  the 
workings. 


CHAPTER  XV. 


CONCRETIONS   IN   BOCKS. 

In  many  rocks,  aqueous,  igneous,  and  metamorphic,  there  occur  con- 
cretions of  mineral  matter,  sometimes  formed  contemporaneously  ¥ritli 
the  rocks  in  which  they  occur,  sometimes  the  result  of  subsequent 
segregation.  In  the  present  chapter  we  are  concerned  not  with  the 
various  hypotheses  as  to  the  origin  of  these  bodies,  but  with  the  nature 
and  occurrence  of  the  concretions  themselves.  By  far  the  most  abun- 
dant and  characteristic  varieties  occur  in  aqueous  or  sedimentary  rocks. 
Those  in  the  igneous  and  metamorphic  rocks  are,  as  a  rule,  much  lesa 
frequent  and  less  distinctly  characterised. 

I.  Conorations  in  Aqueous  or  Sedimentary  Bocka. 

In  Sandstones. — Many  sandstones,  on  being  broken  open,  show  parmllel  con- 
centric bands  of  coloor,  usually  of  a  darker  brown  or  darker  red  than  the  general- 
ity of  the  stone,  extending  from  an  inch  to  several  inches  finom  the  surface  of  the 
block  towards  its  interior.  These  bands  of  colour  are  usually  confined  to  single 
blocks  of  the  rock,  but  sometimes  extend  through  two  or  three  adjacent  blocks, 
and  in  some  instances  through  several  distinct  beds  of  sandstone.  The  most 
striking  case  observed  by  the  author  was  on  the  south  side  of  Flagstaff  Point, 
WoUongong,  N.  S.  Wales,  where  a  fine-grained,  thick-bedded,  reddish  or  grey, 
slightly  calcareous  sandstone,  showed  concentric  bands  of  colour,  some  of  which 
extended  through  eight  or  ten  beds,  the  bands  being  a  foot  in  breadth,  and  the 
space  enclosed  by  them  from  twenty  to  thirty  feet  in  diameter.  The  rock  here, 
as  is  usually  the  case,  showed  a  tendency  to  weather  along  these  bands,  and  some 
of  the  smaller  blocks,  in  which  the  concentric  bands  were  confined  to  the  single 
blocks,  readily  decomposed  to  a  mere  nodule,  in  the  centre  of  which  a  fossil  shell 
or  coral  often  disclosed  itself.  The  presence  of  small  quantities  of  calcareous  and 
ferruginous  matter  diflfused  through  Uie  sandstone  is  doubtless  one  of  the  conditioDS 
necessary  for  the  production  of  these  structures. 

Many  sandstones  contain  concretions  of  iron  pyrites,  varjring  in  size  f^m  mere 
grains  up  to  masses,  sometimes  at  least  as  large  as  the  fist.  When  such  concre- 
tions are  minute,  and  therefore  not  readily  recognisable,  they  often  escape  notke, 
and  the  blocks  in  which  they  occur  are  dressed  and  inserted  into  the  walls  of 
buildings.  Exposed  to  the  weather  they  decompose,  and  dark  stains  of  peroxide 
of  iron  soon  disfigure  the  architecture.  The  SMq  de  Fontainebleau  is  a  pure 
white  sand.  It  is  covered  in  some  places  by  beds  of  a  freshwater  limestone  called 
the  Calcaire  de  Beauce.  Water  containing  carbonate  of  lime  in  solution  percolates 
through  the  sand,  and  deposits  the  lime,  binding  the  sand  either  into  globular  con- 
cretions, or  even  into  rhombohedral  crystals,  such  as  carbonate  of  lime  ordinaiily 
forms.  Besides  these  smaller  concretions,  other  large  parts  of  the  sand  have  been 
compacted  together  into  a  very  hard  white  gritstone,  which  is  extensively  used  as 
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k  piving  stone.  This  Oris  da  FontuDebleau  forma  pictureeqne  crags  and  prei-i- 
ptces,  ill  the  more  striking,  perhaps,  from  their  coatrast  nith  the  loose  aand  in 
which  the  m&ageg  of  cousolidutsd  rocli  occur.  In  soma  cnses  the  quartzose  graiiiii 
■ppeu-  to  be  bound  together  by  u  siliceouB  cement,  u  if  the  percolating  water  had 
cootaioed  diuolred  ailicK.  This  ie  obvionslj  the  caw  in  one  variety,  >  glittering 
rock  being-  produced,  greatly  resembling  ordinary  quartiil«,  only  more  whito  and 
Imtrouii  ;  this  variety  ii  called  "  Gres  iHBtrte." 

The  Ores  ile  Beanchamp  coiuietb  of  aimilar  locally  eonaolidaled  and  aenii- 
coneretionary  lumps  of  Bandatone,  occurring  here  and  there  in  looee  land.  In 
pai^  of  the  north  of  France  these  lumps  of  gritstone  are  dlscoveied  by  "  sounding," 
or  pienuDg  the  loose  unds  with  an  iron  rod,*  and  they  are  then  extracted  and 
broken  into  square  blocks,  and  uied  for  forming  the  roada  of  the  conutry. 

In  Shkla  and  Olay. — These  are  more  numerous  and  important  than  those  in 
sandstones.  In  aome  cases  indurated  shales  aasume  a  globular  or  cunoretionary 
■tmcture,  without  any  very  striking  difference,  except  that  of  form,  being  apparent 
Ivtween  tba  spheroids  and  the  adjacent  shales  (Fig.  119).  Sometimes  a  single 
concretionary  mass  occn™,  having  a  aphoroidal,  lenticular,  or  other  f     " 


Fig.  lie. 

Bketch  of  Cual-muiiin  shale  wutberlng  Into  ipberolds,  in  a  nilwar  cutting  near 

Mallaw,  Coonty  Cork,  taken  rrom  tLe  Zipluitlon  of  Bbtet  17&  of  Haps  or  OeoL  Ijucvey, 

■olid  throughoDt,  and  aboring  no  tendency  avan  to  decompose  in  concentric  coats, 
Bometiinea  eihiUting  such  a  tendency  in  a  marked  manner,  the  hard  central  portion 
being  of  small  siie  compared  with  the  original  ball,  aoinetimes  even  with  the 
eoocentric  coata  detached  before  the  nodule  ia  broken,  so  that  the  central  balls  aie 
heard  to  rattle  when  the  detached  concretion  is  shaken. 

Areouu^ble  instance  is  aliowii  in  Fig.  120,  of  a  lenticular  nodule  embedded  in 


e,  develi>p«<l  aluag  i  line  of  fosail 


coal-mea»ure  shstn  of  the  Coniitjr  Clara,  kod  endosiDg  put  of  >  small  Uja  of 
fussil  abells,  vhkh  ext?n')ii  for  mnny  ysnis  berond  it  on  each  side,  u  shawn  bj 
the  line  A  B.     The  nodule  migbt 
be  called  *  reiy  Uan  clay  iim- 
etODe,  or  one  in  vhich  the  pinpir 
tion    of    termginone    metier    ii 
inslgniAcaiil     In  some  nee*  Uh 
a38  of  these  shalee  ananitt 
u-  concretioDoiy  stmctan 
"""*'*"'■  through  a  thickDeaa  of  aerenl 

feet,  one  larger  spheroid  often  enclosing  sereral  amaller  ones,  as  shown  in  Fig.  IIJ, 
The  Clay-inmilonet,  which  have  been  so  largely  the  source  of  the  Britiih 
nianuTacture  of  iron,  give  us  striking  eiamplas  of  this  nodolar  concreijonary  stmt- 
tut«,  since,  while  they  occur  in  regular  beiU,  such  as  we  can  suppose  to  have  hen 
separately  deposited  as  beds  of  clay  ironstone,  in  the  ebape  in  which  ve  now  iad 
them,  they  also,  anil  mont  frequently,  form  layers  of  irrqtnlar  concretionary 
nodules  in  shale  or  chiy.  These  concretions  are  sometimes  of  very  small  si^  so 
as  to  be  called  Pins  or  Peunystones,  and  other  similar  designatiana,  sometimes  tbey 
are  large  spheroidal  masses  of  several  inches,  or  one  or  two  feet,  or,  more  Tve)y, 
even  Hve  feet  in  diameter.   The  larger  masses  generally  show  irr^alar  angular  (see 


,.  121)  a 


™pty,  at  othera 
less  full  of  spar,  of  carbonate  of  lime,  or 
carbonate  of  iron,  and  not  anfre'iuently 
with  sutall  crystals  of  blende  (sulphide 

(sulphide  of  lead).     Tbe  size  of  these 
cavities  generally  increases  tovards  the 

nodule  being  quite  untraversed  by  any 
reins  or  fl.uures.  The  reason  of  this  is 
apparently  that  consolidation  occurred 
first  in  this  outer  envelope,  the  spher- 
oidal form  of  which  resisted  all  farther 
contraction,  and  that  the  farther  shrink- 
age of  the  interior  was  directed  towards 
this  outer  envelope,  so  as  to  leave  vacant 
spaces,  some  of  which  were  afterwards 
re  or  less  filled  np  by  the  crystallisatii 


in  a  slate  of  solutior 

Some  clay  iroiulones  exhibit  another  cc 
as  the  seam  of  ironstone  breaks  into  conic 
top  and  bottom  of  the  seam,  and  their  apices  pointing  inwards  towards  each  other. 
Tbe  surfaces  of  these  conee  are  corrugated  by  small  horinintal  treltert  wavelets,  cr 
ridges,  rather  reeembling  those  on  the  outside  of  some  stalactitea,  and  each  cone  ii 
concentrically  enveloped  by  several  coata,  the  surface  of  each  being  aimilarly 
cormgated. 

Some  coals  also  exhibit  a  curious  atnietDre  in  the  interior,  aomewhal  analogou 
to  this,  show!  og,  when  parted,  a  series  of  narrow  winding  corrugated  ridges  and 
furrows,  about  an  inch  wide  and  deep,  fitting  closely  into  each  other  till  separated 
with  some  little  force. 

There  occur  concretionary  Sfptarian  nodules,  sometdmca  two  or  three  fed  is 
diameter.  In  the  clay  under  London,  and  other  places,  in  which  carbonate  of  lime 
plays  the  part  which  carbonate  of  iron  does  in  the  clay  ironiUmes,  the  imgnlar  in- 
terna] fissures  being  formed  in  a  similar  manner,  and  filled  up  by  crystalline  calc-epar. 
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Irrm  Pgrita,  Or  liiaulphide  of  iron,  occora  ibundantly  in  some  argill«oeoaB 
rodu,  specially  in  cisyalatea,  in  r^ular  crysbUline  fomu,  which  liara  obviously 
been  amuned  by  the  mineral  since  it  was  enclosed  in  the  tocIi.  Tbae  ire  some- 
times single  crintals,  lometinies  ncnts  of  inch  cryatala  two  or  Qires  inches  in 
dismeter.  Oronps  of  cnbical  crjfAait,  eech  an  inch  across,  occur  near  Catalina, 
in  Newfonndland,  end  are  knova  as  catalina-atone,  Hrmly  embedded  in  s  green 
siiiceons  slate-rock.  These  crystak  h»ve  evidently  not  been  formed  in  a  pre- 
TJoHsly  existing  cavity,  each  aa  those  which  are  known  as  "  drusy  cavities,"  but 
were  produced  in  the  solid  rock  by  the  interchange  of  place  between  one  kind  of 
miuersl  matter  and  the  other  kind,  and  the  asBuniptioD  of  a  r^lar  crystalline 
form  by  the  later  mirersL 

Photphatic  nodxUa  occur  in  some  clays,  and  also  in  sandstones  and  limeetones, 
even  as  ancient  as  the  Lower  Siinrisn  period.  In  the  clay  known  sa  the  Gault, 
and  in  the  Chloritic  Harl,  lying  at  the  base  of  the  chalk  of  Cambridgeshire,  etc., 
large  nnmbera  of  nodulee  occur,  containing,  it  is  said,  aboot  sixty  per  cent  of  phos- 
phate of  lime.  They  are  believed  to  be  of  coprulitic  origin.  In  the  Lower  Silurian 
limestones  and  sandstones  oF  Eastern  Canada,  similar  nodaies  occur,  often  charged 
with  fr»({nienlary  shells,  and  containing  about  forty  per  cent  of  phosphate  of  lime. 
These  are  sometimes  an  Inch  thick,  and  two  inches  long,  contain  emiiedded 
igaartzoee  grains,  and,  when  heated,  give  off  strongly  ammoniacal  water,  with  the 

Id  ZiimeBtonsB  and  Dolomitea,  the  moat  striking  and  rreqnently-occnrring 
coDcretiona  in  limestone  rocks  are  those  of  a  siliceous  character,  such  as  the  flints 
in  chalk,  and  the  masses  of  black  and  white  chert  in  carboniferona  and  other  lime- 
■tonea.      Chalk  flints  occur  as  rounded  nodular  massea,  of  very  irregular  and  some- 


Sketch  of  same  b«ls  of  limestone  contalniDg  nodules  of  white  chert,  at  Uiddlelon  Hodr, 
in  Derbrshlie,  in  wblch  the  trngular  ind  faDtaitic  shapes  aastuned  b;  Ihna  noduloi  are 
well  exhibited,  as  also  their  llkeoM*  to  tUnU  in  the  chalk. 

times  fantastic  shape,  and  of  all  sizes,  up  to  a  foot  in  diameter.  They  are  com- 
monly white  outside,  but  internally  are  of  various  shades  of  black  or  brown, 
■ometimcA  passing  into  white.     They  have  sometimes  concentric  bands  of  black 

•  Sterry  Hunt,  In  Loan's  Oulonr  tif  Canada,  4flS  and  758.  These  Cansdlan  nodnloa  sn 
also  probably  eopnlitle.  Thay  oeDtaln  ihalls  of  Lfa^slo,  a  brschlopod  tlia  slull  of  wUch, 
aa  Starry  Huot  baa  shown,  contahu  in  its  lUed  naidae.  left  - 
p«i  cent  of  phosphate  of  lime. 
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u)d  white  coloon  iiit«nuil1f ,  and  cxblbit  mtrkisgi  derirad  from  mgiuiic  bodia 
round  which  they  have  oftcD  becD  formed.  Flint  occun  in  the  Chalk,  not  mi]j  is 
nodolM,  but  alio  in  Mama  or  layen,  lometimei  ibort  and  in«)(ulaT,  Bomelinia 
rsgnlar,  over  a  diatance  of  (ereral  yarda.  These  seama  vary  tram  one-tsuUi  (^  an 
inch  to  ToDr  inches  in  thickness,  and  are  commonly  black  in  colonr.  * 

Almwt  all  large  maasea  of  limeatone  have  their  flints  or  sUiceoina  oooeretioiis. 
These  are  frequently  called  chirt,  u  in  the  carboniferoua  limHtone,  when  the 
nodolea  and  layen  of  dmt 
exactly  resemble  the  flintt 
in  the  ebalk.   Eien  the  ter- 
tiary     timestoDsB      annmd 
'    Paris  have  their  flints,  the 
nieniljte    of    that    locsliiy 
I    being   nothing  but  a  tili- 
f  ceous  concretioo,  found  in 
!   the  Calcaire  St.  Ooem,  and 
J   poaaibly  other  placea.    Port 
silioeooa  concretion*  occur 
_^  even    in    the    fiv^- water 

^*-  ItmsBtono  and  ffypaain  beili 

Part  of  a  lum  of  bUck  eh«t  in  (he  limutone  nur  of  Montmattre. 
DuhUn.    Theae  h-u...  like  tho«  in  chiOk,  «e  .ometlm.         The  ChJk,  however,  in 
quite  regular  for  Boms  distance,  and  then  eithBr  euddonlj'  „„y  D|«™^ntaina  oiri- 
urll"*!-,"^.'  7-  "'  ■"  ""^"'  *"  "*"  IrregnlarltLc.  „^  "^o^neretionary   nod»l« 


»"■■■  of  iron  pyrites,  a 

as  big  as  the  fiat,  of  a  spheroidal  form,  and  haring  internally  a  radiated  atmrtnn. 
Two  Buch  nodnlee  are  aomBtinieii  connected  by  a  cylindrical  stick,  bo  as  to  look  at 
first  like  a  leg-bone,  these  nodules  always  ahowing  throughout  a  radiation  ftom  the 
centre  to  the  aurfaca,  which  proves  that  they  are  fonned  in  the  place  in  which  they 
are  embedded,  and  are  not  extraneous  masses  rounded  by  mechanical  transport 

Dolomite  or  Sla^naiaji  Limeatone,  when  it  occurs  in  niai",  has  oftfD  a 
tendency  to  aasnine  vari- 
ous nodular  and  concre- 
tjonnry  furms,  aometimee 
like  B  bundle  of  small 
twigs  irregularly  com- 
pacted together,  some- 
times like  a  heap  of 
musket-shot,  or  bunches 
of  grapes,  or  cannon-balls 
piled  irregularly  on  each 
other.  When  they  are 
like  grapes  they  are  then 
called  bolryoidal  concre- 
tions. ClilTeshowtngthese  j 
various  forma  may  be  I 
readily    examined     near  I 

Sunderland,    where    the  PU  ig, 

rock  might  often  be  mis-       p„,„„,^  „  „  „  Ll™«loae.  .bowing  e™e„tlo-.i 

^J    ,'TS^'""t^^   ""'=1'"'-  F™n.t^cUm.n.ar8nnd.;Und;U;talJ.„U>« 

fonned  of  ™lled  pabblea  ^^  ,,,  ^^^„  ,„  ,jj^,^,_ 

and  rounded   tdocki,  if 

the  concretionary  origin  of  the  balls  were  not  proved  partly  by  thor  genenltj 

*  See  Gmt.  San.  Mmotn,  slieet  13,  p.  SO. 
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hi-ring  Intenutlly  a  radiated  Btrncture,  but  mora  strongly  by  the  oconrrence  of 
lines  o!  luainaliDn  running  equally  through  the  mass  of  the  rock,  and  the  balls 
included  in  it,  13  shown  in  Fig.  124,  where,  hovaTcr,  these  horizontal  lines 
of  laminaUon  are  msde  s  little  too  prominent  in  the  balls  and  not  quite 
enongh  ao  in  the  rock.  These  lines  of  lamination  shoo  that  the  rock  vif 
originaU;  formed  b;  the  deposition  of  sacceasiTe  layers,  the  radiated  globular 
form  being  sahseqnently  assumed  by  porta  of  it. 

In  Book-Hklt  and  OniBiun.— These  deposits,  from  their  purely  chemicai 
formation,  might  be  eipected  to  exhibit  these  concretionary  forms.  Oreat  con- 
cenlnc  circles  of  crystalline  salt  ma;  be  seen  In  the  roof  of  the  large  salt-mines 
near  Nantiiich  in  ChaBhire.  Gypsum  frequently  occurs  as  mere  veins  and  concre- 
tioDsry  or  crystalline  masses,  and  even  where  It  has  been  originally  deposited  in 
ngular  beds,  or  layers  of  minnte  crystals,  thst  arrangement  is  apt  to  be  disturbed 
by  a  subsequent  modiflcstion  into  larger  crystalline  plates  of  aelenite.  Instances 
of  this  may  be  observed  in  the  qnarries  at  Montmartre,  near  Paris,  where  one  or 
two  beds,  six  or  eight  inches  in  thickness,  consisting  of  thin  layers  of  minute 
cryitalii  of  gypsum,  are  sometimes,  for  a  space  of  several  yards,  traversed  by  per- 
peodienlar  platea  of  selenile,  through  which  the  original  layers  m^  he  distinctly 
tnoed. 

In  one  observed  example  all  the  beds  were  horiionlal,  and  the  layers  of  smalt 
OTataJline  grains  weiv  quite 
patallel  to  the  stratification ; 
bnt,  in  the  beds  above  men- 
tioned, large  tabular  crystals 
and  broad  flakes  of  selenite,  of 
rather  irregular  form,  had  struck 
directly  across  the  bed,  more  or 
less  nearly  at  right  angles  to  It, 
the  original  horizontal  lamina- 
tion not  being  obliterated,  but 
being  in  some  places  waved,  as 
if  slightly  disturbed  by  the  foi^ 
mation  of  the  crystalline  plates, 
the  angles  of  these  waves  having 
evident  relation  to  the  faces  and 

angles  of  the  superinduced  crys-  Y[g  i^ 

talline  plaWs.  This  formed  a  a.  Layeiaof  Mu«U  erystallinegTauule.  of  gypium. 
gocd^ue  of  a  molecnl^  change  j  c^yauUiue  pistes  of  gypsum,  traversed  hy  lie 
of  rtmctare  l^vmg  taken  phice  f^„^,^  „^„  ^^  ^,p^^^  original  Isyers  of  gr«,nl«.. 
m  the  mass  ot  the  rock  subse-  ^^^  ,,„„  .^^  „„j  suffldenlly  ghUque  In  the  wood- 
quenUy  to  lU  formaUon,  like  ^j  .  ^^  0,^  f^^  „,  ^^^  ^f  (^^  crystals  tbej  form 
that  before  mentioned  as  occni^  „  ,„  ^f  ^.  ^tj,  t^j  pi„,  q,  the  beds, 
ring  in  thespberoida!  concretions 

of  magruflian  limeotone,  and  in  the  structure  of  stalactite  and  the  limeetone  of 
coral  reefs.  It  yet  remains  for  the  chemist  to  explain  to  ua  the  exact  method  of 
operation  by  which  these  changes  are  produced. 

Latga  twin  cryitals  of  selenite  also  occur  in  the  London  and  other  ctays  ; 
sometiines  several  inches  across,  and  prove  the  relative  motions  of  particles,  both 
of  the  clay  to  make  room  for  the  gypsum,  and  of  the  gypsum  that  was  originally 
dispened  through  the  surrounding  clay. 

It  seams  that  when  one  mineral  substance  is  diflnsed  in  comparatively  small 
quantity  through  the  mass  of  a  rock,  there  is  often  a  tendency  in  tliat  diffused 
mineral  to  segregate  and  concentrate  itself  upon  particular  points,  and  this  m 

tioi 


316  GEOGNOSY. 

II.  Conoretions  in  Igneous  Bocks. 

As  already  remarked,  the  concretionary  stmcture  is  lees  characteristicallr 
developed  in  Igneous  than  in  Aqueous  rocks.  When  it  occurs  in  the  former  it  b 
sometimes  due  to  the  peculiarities  in  the  cooling  and  cr3rstalli8ation  of  the  rode, 
and  therefore  congenital  or  synchronous  with  the  formation  of  the  rock  it^f,  as  in 
the  case  of  the  drusy  cavities  of  granite.  Sometimes  it  arises  from  subseqimt 
internal  changes  and  re-arrangenients  in  the  rock,  as  in  the  amygdaloidal  ken^ 
in  trap-rocks. 

In  Granite. — Many  granites,  though  tolerably  uniform  in  their  teztnre, 
present  numerous  patches  where  the  component  minerals  have  formed  much 
larger  crystals  round  irregular  cavities,  wherein  are  found  also  other  minerab 
which  either  do  not  occur  at  all,  or  only  rarely,  in  the  main  body  of  the  granite.  In 
these  "  drusy  cavities  "  the  minerals  are  much  more  perfectly  crystallised  than  in 
the  general  mass  of  the  rock,  and  these  are  likewise  the  receptacles  of  the  beit 
topazes,  beryls,  cairngorms,  and  other  gems  which  occur  in  granite. 

It  is  not  uncommon  in  some  granites  to  meet  with  more  or  less  angular  pieces 
of  a  dark  micaceous  rock  fh>m  less  than  an  inch  to  several  inches  in  loigth. 
They  are  frequently  to  be  observed  with  no  very  sharp  boundary  lines,  bat  ra&ier 
to  shade  into  the  surrounding  granite.  They  resemble  somewhat  in  their  form 
and  mode  of  occurrence  the  "  clay-galls  "  of  some  sandstones,*  and  may  possibly 
have  had  originally  a  similar  origin,  but  subsequently  metamorphoeed  along  with 
the  rock  in  which  they  were  imbedded. 

In  Trap-Bocks. — The  globular  structure  revealed  in  manydoleritic  rodu  by 
the  process  of  "  weathering  "  has  been  already  described,  f  and  the  remarkable 
orbicular  diorite,  or  Napoleonite  of  Corsica,  consisting  of  an  aggregate  of  sphmcal 
bodies,  has  been  referred  to  in  the  description  of  rocks,  t 

The  most  important  concretions  found  in  trap-rocks  are  those  which  fill  up  the 
amygdaloidal  cavities.  These  cavities,  though  sometimes  empty,  are  most  fre- 
quently filled  wholly  or  partially  with  some  mineral  or  minerals  which  have  b^o 
subsequently  introduced  into  them.  The  nature  of  the  infilling  substance  depoodi 
much  upon  the  nature  of  the  rock  itself,  for  the  student  will  find  that  in  most 
cases  the  infiltration  of  mineral  matter  into  the  empty  cells  has  been  one  result  of 
the  decomposition  of  the  rock  in  which  these  cells  exist,  and  hence,  that  wherever 
the  cells  are,  or  once  have  been,  filled,  the  rock  round  about  them  is  sure  to  be 
much  decomposed.  A  strongly  marked  amygdaloid,  therefore,  will  be  found  to 
contain  its  kernels  in  a  more  or  less  decayed  base.  In  doleritic  rocks,  where 
labradorite  has  been  acted  on  by  percolating  alkaline  water,  the  production  of 
zeolites  has  taken  place,  §  and  our  finest  zeolites  are  found  in  the  great  doleritic 
plateaux  of  Antrim  and  the  Inner  Hebrides.  The  cavities  are  either  filled  entirely, 
as  happens  characteristically  with  heulandite  and  stilbite,  or  lined  with  crystal, 
the  latter  form  being  that  in  which  the  finer  specimens  of  apophyllite,  chabask^ 
etc.,  occur.  Instead  of  zeolite,  the  cavities  may  be  lined  or  filled  with  a  purely 
siliceouR  substance.  Thus,  a  coating  of  crystals  of  quartz  often  encloses  an  empty 
interior,  or  the  walls  of  the  kernel  are  lined  with  concentric  layers  of  jasper, 
agate,  chalcedony,  which  often  fill  the  entire  cavity,  or  allow  the  centre  to  be  occu- 
pied by  some  crystallised  quartz.  It  is  from  these  amygdaloidal  kernels  that  our 
"  pebble  "  ornaments  are  chiefly  obtained.  In  other  cases,  instead  of  a  purely 
siliceous  infiltration,  we  have  one  of  a  hydrous  magnesian  silicate,  as  cUorite, 
serpentine,  steatite,  or  delessite.  It  often  happens  that  such  a  silicate  merely 
coats  the  cavity  as  a  thin  lining,  the  rest  being  filled  up  with  some  other  mineral, 

•  See  anU,  p.  127.  f  See  ante,  p.  182.  t  See  ante,  p.  IIS. 

I  The  conversion  of  the  felspars  into  zeolites,  or  hydrated  felspars,  is  explained  tt 

pp.  85-87. 
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and  when  the  kernel  falls  oat  of  the  rock  it  is  found  with  the  green  chloritic  or 
other  coating  covering  its  exterior. 

In  trap-tuffs  concretions  occur  much  as  they  do  in  some  forms  of  ordinary 
sedimentary  rock.  Nodules  of  clay  ironstone  are  found  sometimes  among  the 
greenstone-tuflb  of  the  carboniferous  formations  of  central  Scotland.  Calcareous 
nodules  likewise  occur,  as  in  some  of  the  Welsh  tufEs.  The  calcareous  concretions 
in  schalstein  may  likewise  be  alluded  to. 

III.  Conoretions  in  Metamorphio  Books. 

As  concretions  are  so  frequently  themselves  a  product  of  a  partial  metamor- 
phism  or  change  of  the  mineral  characters  of  rocks,  we  might  reasonably  expect  to 
meet  with  them  in  the  rocks  that  are  distinctively  termed  metamorphic.  Accord- 
ingly, we  find  that  in  gneiss,  mica-schist,  and  in  the  rocks  already  described  under 
the  head  of  **  Metamorphic  Porphyries,"  there  has  been  often  a  tendency  to  the 
segregation  of  minerals  in  irregular  concretionary  patches.  Lumps  of  hornblende, 
not  r^uJarly  crystallised,  but  fuU  of  intermixture  with  other  minerals,  occur  in 
the  oldest  or  Laurentian  gneiss  of  the  north-west  of  Scotland.  In  a  similar  way 
we  meet  with  groups  of  crystals,  or  rather  crystalline  concretions,  of  felspar  both 
in  gneiss  and  mica-schist.  Quartz  is  a  common  constituent  of  the  irregular  lumps 
which  have  been  segregated  in  these  rocks.  The  process  of  metamorphism 
appears  to  have  been  greatly  modified  by  the  varjring  nature  of  the  materials  upon 
which  it  had  to  operate.  Where  there  were  original  fragments  or  lumps  of 
material,  differing  markedly  in  composition  from  the  surrounding  rocks  in  which 
they  lay,  they  may  have  given  rise  to  a  distinct  new  crystalline  nucleus.  There 
has  likewise  been  a  strong  tendency  in  the  different  minerals,  as  quartz,  orthoclase, 
hornblende,  etc.,  to  gather  together  in  patches  or  concretions,  as  well  as  in  those 
layers  or  folia  which  distinguish  the  foliated  rocks. 
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UNPEBGROUKD  AGENCIES. 

CHAPTER    XVI. 

FORM  AND   INTERNAL   CONDITION   OP   THE   EARTH. 

In  the  foregoing  part  of  this  Manual  we  have  been  concerned  simply 
with  the  record  and  description  of  the  composition,  texture,  structure, 
and  mode  of  occurrence  of  minerals  and  rocks,  or  with  what  is  termed 
geognosy;  a  consideration  of  the  agencies  involved,  and  of  the  ex- 
planatory theories  which  have  been  proposed  to  account  for  the  appear 
ances  described,  have  been  reserved  for  this  place.  We  now  propose 
to  present  to  the  student  as  succinct  a  resmn^  as  possible  of  the 
various  agents  and  processes  which  haye  been  concerned  in  the  pro- 
duction of  the  rocks  and  rock- structures  with  which  he  has  already 
become  acquainted.  We  shall  first  consider  the  changes  which  are  in 
progress  beneath  the  surface,  within  what  is  called  the  crust  of  the 
earth,  and  many  of  which  affect  that  surface  in  the  most  momentous 
way.  We  shall  then  proceed  to  the  discussion  of  the  agencies  which 
are  at  work  above  ground,  and  show  the  changes  which  they  bring 
about  Lastly,  we  shall  give  an  outline  of  the  results  achieved  by  the 
combined  action  of  subterranean  and  superficial  forces  in  modifying  the 
surface  of  the  earth. 

Form  of  the  Earth. — The  earth  is  an  oblate  spheroid,  the  polar 
diameter  being  7899' 60  statute  miles,  and  the  equatorial,  7926*05,* 
or  26 J  miles  longer.  The  equatorial  radius,  therefore,  is  about  13 J 
statute  miles  longer  than  the  polar  radius,  or,  in  round  numbers,  70,000 
feet.  If,  therefore,  we  imagine  a  true  sphere  to  be  described  within  the 
earth,  the  radius  of  which  shall  be  equal  to  the  polar  radius,  the  8U^ 

*  These  nnmbeni  are  those  deduced  hj  M.  Beasel.  It  has  been  lately  stated,  oo  gcoi 
authority,  that  different  equatorial  diameters  vary  in  length  to  the  extent  of  one  or  t«o 
mile',  bat  these  slight  variations  will  not  affect  the  reasoning  in  the  text. 
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face  of  that  sphere  will  coincide  with  the  actual  sniface  of  the  earth 
only  about  the  poles,  but  will  sink  beneath  the  actual  surface,  as  we 
recede  from  the  poles,  gradually  and  regularly,  till  it  is  70,000  feet 
deep  under  the  equator  (see  Fig.  126). 

Let  Fig.  126  represent  a  section  of  the  earth  through  the  poles  P  P, 
and  the  centre  c,  the  line  P  P  being  its  polar  diameter,  and  the  line 
£  £  its  equatorial  diameter,  and  let  it  be  drawn  on  a  scale  of  2600 
miles  to  the  inch.  Then,  if  an  inner  circle  be  drawn  one-tenth  of  an  inch 
inside  PP,  that  wiU  represent  a  depth  of  260  miles,  and  the  circle  "PeFe 


Fig.  126. 

will  represent  the  circumference  of  the  supposed  internal  sphere  drawn 
on  the  polar  radius  c  P.  The  curved  outer  line  P  E  P  E  will  then  repre- 
sent the  actual  surface  of  the  earth  protuberant  beyond  this  internal 
sphere,  but  this  is  not  drawn  to  scale.  The  space  between  the  letters 
«  £  on  each  side  ought  to  be  only  one-twentieth  of  the  space  between 
P  and  the  inner  circle,  whereas  it  is  drawn  nearly  as  ^,  since  a  twentieth 
of  that  space  would  not  be  visible  to  the  naked  eye.  Making  allowance 
for  this  necessary  distortion,  the  outer  line  of  the  figure  wiU  represent 
the  Borfiice  of  the  earth  bulging  at  the  equator  13^  miles  beyond  the 
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supposed  internal  sphere.  This  equatorial  protuberance  may,  in  fiact, 
as  Professor  Hennessey  once  remarked  to  the  author,  be  likened  to  a 
great  mountain  mass  resting  on  the  supposed  internal  sphere,  with  a  horn 
equal  to  the  whole  surface  of  that  sphere,  and  rising  to  a  height  of 
70,000  feet  above  it  under  the  equator.  The  upper  surface  of  the  sea, 
or  sea-level,  will  form  the  true  mean  or  symmetrical  surface  of  this 
protuberant  shelL  The  surface  of  the  solid  crust  of  the  earth  rises 
irregularly  above  the  sea-level  into  dry  land,  and  sinks  irregularly  below 
it  to  form  the  ocean-bed.  The  mass  of  the  dry  land,  however,  is  so 
small  compared  with  the  bulk  of  this  protuberant  shell,  as  to  be  quite 
insignificant,  even  when  we  take  into  account  such  a  boss  as  the  table- 
land of  Thibet,  with  a  mean  height  of  10,000  or  12,000  feet,  and  a 
diameter  of  600  miles,  or  such  occasional  pinnacles  as  the  Himmalayah 
Mountains,  of  which  the  loftiest.  Mount  Everest,  rises  29,000  feet 
above  the  sea-leveL  The  depths  of  the  ocean  are  doubtless  greater  than 
the  heights  of  the  land,  but  it  may  very  well  be  doubted  whether  mudi 
of  the  surface  of  its  bed,  except  perhaps  in  the  Polar  regions,  sinks 
below  the  protuberant  shell  of  the  earth  down  to  the  surEace  of  the 
supposed  internal  sphere  before  mentioned. 

The  iir^ularities  in  the  surface  of  the  earth  are  then  merely  irrt' 
gxdarities  in  its  protuberant  shell,  and  they  are  largely  compensated  for 
by  all  their  lower  hollows  being  ^ed  with  water,  up  to  a  height 
which  must  certainly  be  considerably  above  the  mean  level  of  these 
irregularities. 

Stability  of  the  Barth's  Axis. — This  protuberant  shell,  consisting 
partly  of  earth  and  partly  of  water,  provides  for  the  stability  of  the 
earth's  axis  and  the  permanence  of  its  general  form.  The  actual  cir- 
cumference of  the  earth's  equator  is  about  eighty-three  miles  greater 
than  that  of  the  circumference  of  the  true  sphere  enclosed  in  it,  and  its 
movement  of  rotation  is  correspondingly  more  rapid  than  that  of  the 
surface  of  that  sphere.  If,  therefore,  any  disturbing  action,  either 
internal  or  external,  tended  to  cause  the  earth  to  rotate  on  any  other 
axis  than  the  existing  one,  it  would  have  to  overcome  the  resistance  of 
the  greater  centrifugal  force  now  residing  in  the  equatorial  protuber- 
ance of  the  earth,  and  transfer  it  to  some  other  circumference.  It 
seems  difficult  to  imagine  any  cause  capable  of  this,  but  even  if  it 
existed,  imless  the  earth  immediately  adjusted  its  form  to  its  nev 
motion,  and  transferred  its  protuberance  to  the  new  equator,  the  dis- 
turbance could  only  be  temporary,  and  the  earth  would  immediately 
begin  to  swing  back,  so  as  to  rotate  upon  its  shortest  diameter  as  an 
axis,  and  its  largest  circumference  as  an  equator. 

Ever  since  the  earth  assumed  its  present  form  of  an  oblate  spheroid, 
the  position  of  its  axis  has  probably  remained  within  it  unchanged,  and 
the  points  on  its  surface  now  occupied  by  the  north  and  south  poles 
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liave  continued  to  be  its  poles.  Whether  the  present  axis  of  the  earth 
always  pointed  to  the  same  point  of  the  heavens  (making  allowance  for 
merely  periodical  motions,  such  as  that  of  nutation),  or  whether  it  was 
always  inclined  23j°*  from  the  pole  of  its  orbit,  and  the  equator  cor- 
respondingly inclined  to  the  ecliptic,  is  altogether  another  question,  to 
which  there  seems  to  be  nothing  in  the  internal  constitution  or  external 
form  of  the  earth,  calculated  to  give  an  answer.f 

Internal  Temperature  of  the  Barth. — Jt  is,  however,  very  remark- 
able, that  the  form  of  the  earth,  as  above  described,  is  said  to  be  almost 
exactly  that  of  a  spheroid  of  rotation  ;  that  is  the  form  which  the 
earth  would  have  assumed  supposing  it  to  have  been  once  a  fluid  or 
pasty  mass  revolving  with  its  present  velocity.  That  the  earth  has  this 
form,  certainly  raises  a  strong  presumption  in  our  minds  that  it  was 
once  fluid  or  pasty.  We  may  arrive  at  some  conclusions  on  this 
subject  from  the  following  considerations  relative  to  the  temperature  of 
the  earth's  interior  : — 

a.  Volcanoes, — ^The  phenomena  of  volcanoes  pouring  out  molten 
rock  on  all  sides  of  the  globe,  assure  us  that  large  parts  at  least  of  the 
interior  are,  from  some  cause  or  other,  so  heated  as  to  render  the 
materials  of  solid  rock  perfectly  fluid.  Extinct  volcanoes  show  us  that 
this  was  the  case  formerly  with  other  parts  of  the  globe,  where  the 
action  is  not  now  apparent  Other  masses  of  igneous  rock,  all  con- 
nected with  actual  lavas  by  a  regular  chain  of  gradation,  are  found  to 
have  proceeded  from  the  interior,  up  to  or  towards  the  surface,  even 
where  there  is  no  appearance  now,  and  perhaps  never  was  any,  of 
actual  volcanic  vents  upon  the  surface.  This  almost  universal  ap- 
pearance at  the  surface  of  once  molten  rock,  proceeding  from  the 

*  Astronomers  inform  ns  (see  Herschel's  OtUlines  qf  Astronomy,  chap,  xii.,  art.  680),  that 
the  obliquity  of  the  ecliptic  to  the  equator  is  now  diminishing  at  the  rate  of  48"  in  a  century, 
bat  that,  after  the  diminution  has  reached  a  certain  point,  it  will  again  increase,  the  amount 
ct  rariation  in  their  angle  never  exceeding  1*  21'. 

If  the  ecliptic  were  actually  to  coincide  with  the  equator,  the  result  would  be  a  great 
change  in  the  climate  of  the  earth,  since  there  would  be  continual  sunshine  at  the  poles, 
and  for  a  circle  of  60  or  70  miles  round  them ;  no  darkness  greater  than  twilight  in  the  miOor 
part  of  the  arctic  and  antarctic  circles;  and  equal  day  and  night  all  over  the  rest  of  the 
globe. 

t  Several  ingenious  speculations  as  to  changes  of  the  earth's  axis  have  been  of  late  years 
put  forward,  since  the  publication  of  the  last  edition  of  this  work.  One  of  these,  by  Mr.  J. 
Svans,  attempts  to  show  that  a  change  in  the  position  of  the  earth's  axis  of  rotation,  and  a 
consequent  change  of  latitude  in  all  places  on  its  surface,  might  have  been  produced  by  the 
elevation  of  mountain  chains  on  that  surface.  If  the  earth  were  a  perfect  sphere,  doubt- 
less the  smallest  additional  protuberance  would  affect  its  balance.  With  its  present 
protuberant  shell  we  cannot  imagine  that  any  new  mountain  chain  could  do  so  to  any  per- 
ceptible degree,  unless  it  were  one  running  east  and  west,  in  about  lat.  46*,  and  rising  to 
a  mean  altitude  far  greater  than  that  of  any  of  our  present  mountain  chains.  Our 
existing  mountains  are  merely  like  specks  of  dust  on  an  artificial  ^obe,  and  our  deepest 
oceans  like  flakes  chipped  out  of  its  varnish,  and  altogether  too  insignificant  to  produce 
any  appreciable  eosmical  effect 

T 


322  GEOLOGICAL  AGENCIES. 

interior  of  the  earth,  proves  that  there  must  be  some  general  eonrce  of 
heat  in  that  direction. 

h,  TempercUure  of  deep  Mines  and  Welh, — ^As  a  matter  of  direct 
observation,  it  is  found  that  in  all  deep  mines  the  temperature  of  the 
rock  increases  as  we  descend,  at  the  rate  of  1^  of  Fahrenheit  for  eveiy 
50  or  60  feet  of  descent  after  the  first  hundred.  This  is  the  case  in 
every  part  of  the  globe,  and  in  all  kinds  of  rock.  Numerous  observa- 
tions have  been  made,  with  all  possible  precautions  against  mistake, 
and  though  the  results  vary  in  amount,  they  all  agree  in  giving  an 
increase  of  temperature.  In  the  deep  coal-pit,  sunk  at  Dukinfield, 
near  Manchester,  at  a  depth  of  2151  feet,  the  temperature  is  constantly 
75^  Fahrenheit,  while  the  constant  temperature  at  a  depth  of  17  feet^ 
was  only  51®  Fahrenheit  This  gives  an  increase  of  1°  Fahrenheit 
for  every  89  feet  only,  or  less  than  the  average.*  Mr.  Henwood  long 
ago  made  an  elaborate  series  of  experiments  on  the  temperature  of  the 
deep  mines  in  Cornwall,  which  showed  that  at  a  depth  of  1200  feet 
the  temperature  of  the  slate  was  constantly  84®  Fahrenheit,  and  that 
of  the  granite  81®.  Deep  wells,  such  as  the  deep  Artesian  well  of 
Grenelle,  at  Paris,  are  always  foimd  to  have  a  high  temperature.  At 
Grenelle,  the  water  brought  from  a  depth  of  1798  feet  has  a  constant 
temperature  of  81®*7  of  Fahrenheit,  while  the  mean  temperature  of  the 
air  in  the  cellar  of  the  Paris  Observatory  is  only  53®.  Very  accurate 
and  careful  observations  were  made  by  M.  Walferdin  on  the  tempera- 
ture of  two  borings  at  Creuzot,  within  a  mile  of  each  other,  commenc- 
ing at  a  height  of  1030  feet  above  the  sea,  and  going  down  to  a  depth, 
the  one  of  2678  feet,  the  other  about  1900  feet.  The  results,  after 
every  possible  precaution  had  been  taken  to  ensure  correctness,  gave  a 
rise  of  1®  Fahrenheit  for  every  55  feet,  down  to  a  depth  of  1800  feet, 
beyond  which  the  rise  of  temperature  was  more  rapid,  being  1  °  Fahren- 
heit for  every  44  feet  of  descent,  f  Hot  springs  are  usually  found  to 
proceed  from  great  faults  or  fissures  which  penetrate  deeply  into  the 
crust  of  the  globe,  and  are  sometimes  met  with  in  deep  mines,  proceed- 
ing from  still  greater  depths. 

c  Specific  Gravity  of  the  Earth, — Experiments  formerly  made  on 
the  attraction  exercised  by  the  mountains  of  Schehallion  and  Mt.  Cenis, 
and  lately  on  the  deflection  of  the  plumb-line  at  Edinburgh,  as  calcu- 
lated by  the  Ordnance  Survey,  under  CoL  Sir  H.  James,!  as  well  as 
experiments  with  leaden  balls,  on  the  torsion  balance,  by  Cavendish 
and  Mitchell,  and  more  lately  by  Mr.  Baily,  give  a  specific  gravity 
for  the  whole  earth,  varying  from  5  to  5*6.  Experiments  on  the 
difference  in  the  times  of  oscillation  of  a  pendulum  at  the  bottom  and 

*  See  an  aocoont  of  Mr.  Fairbairo's  obeenratlons  on  this  mine,  in  Mr.  Hnll*»  Coo^Mdi  ^ 
Oraat  Britain,  f  C^MMOf,  May  15, 1657. 

X  PhiL  Tram,  for  185«,  vol.  cxlvi.  p.  691. 
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top  of  a  deep  coal-mine  at  Harton,  by  the  Astronomer-Iloyaly  give  as 
much  as  6*66  for  the  mean  density  of  tiie  earth.*     We  may  confidently 
say,  therefore,  that  the  earth  has  a  specific  gravity  of  about  5  or  6. 
Now,  the  specific  gravity  of  granite  varies  from  2*6  to  2*9  ;  that  of 
basalt  is  about  3*0  ;  that  of  rock  in  general  is  from  2*5  to  3'0.     The 
earth,  therefore,  is  at  least  twice  as  heavy  as  it  would  be  if  made  of 
any  known  rock,  such  as  that  rock  appears  at  the  surface.     The  pres- 
sure of  gravity,  however,  would  render  any  such  rock,  as  granite  for 
instance,  much  more  than  twice  as  dense  as  it  is  at  the  surface,  long 
before  it  reached  the  centre.     According  to  Leslie,  water  would  be  as 
heavy  as  mercury  at  a  depth  of  362  miles,  air  as  heavy  as  water  at  34 
miles.     At  the  centre  of  the  globe  steel  would  be  compressed  into  one- 
fourth  of  the  dimensions  it  has  at  the  surface,  and  most  stone  into  one- 
eighth,  if  the  law  of  compression  be  supposed  to  be  unrfonn  from  the 
surface  to  the  centre.     We  should  therefore  expect  that  the  whole 
earth,  if  its  substance  be  homogeneous,  and  at  all  resembling  granite  for 
instance  in  constitution,  would  have  a  much  greater  specific  gravity 
than  5  or  6,  if  it  were  not  for  some  expansive  force  in  its  interior 
counteracting  the  pressure  resulting  from  gravitation.     We  know  of  no 
such  force  except  that  of  heatt 

There  can  therefore  be  no  doubt  that  the  earth  has  a  high  internal 
temperature  of  its  own,  altogether  independent  of  any  heat  it  may 
receive  from  the  sun  or  other  extraneous  sources,  and  that  it  consists 
of  a  cool  envelope  surrounding  a  heated  interior.  This  outer  envelope 
is  called  the  EartKs  Crusty  without  now  necessarily  implying  that  it  is 
actually  a  true  rind  or  crust  surrounding  a  molten  interior. 

Question  as  to  Fluidity  of  central  part  of  Olobe. — If  we  suppose 
that  the  rate  of  increase  observed  in  mines  and  deep  wells  is  continued 
indefinitely  into  the  interior,  it  would  follow  that,  at  a  depth  of  10,000 
feet  beneath  the  British  Islands,  all  water  must  be  as  hot  as  boiling  water 
is  at  the  surfEU^,  or  212*'  F.  At  a  depth  of  about  20  miles  the  tem- 
perature of  all  parts  of  the  globe  would  be  1760^  F. ;  and  at  50  miles 
would  be  4600°  F.  Now,  the  heat  of  a  common  fire  is  calculated  at 
1140^  F. ;  brass  melts  at  1860°  F. ;  gold  at  2106°  F. ;  and  platinum 
at  3080°  F. 

It  woidd  then  appear  that,  if  the  increase  of  temperature  be  regular, 
all  substances  that  we  know  at  the  surface  must  be  molton  at  a  com- 
paratively slight  depth  ;  at  about  one-fifth  of  that,  for  instance,  indi- 
cated by  the  inner  drde  in  Fig.  1 26.     This  fusion,  however,  does  not 

•  PhU.  Tratu.  Tol.  cxlvi.  p.  866. 

t  This  argoment,  if  it  stood  alone,  would  not  perhaps  be  of  any  great  valne,  since  it  is 
open  to  anybody  to  deny  the  homogeneity  of  the  interior  of  the  earth,  and  to  suppose  that 
it  is  likely  to  contain  a  larger  proportion  of  metal  in  the  interior  than  near  the  surface,  and 
that  it  may  be  a  hollow  spheroid.  The  fact  of  a  high  internal  temperature,  however,  may 
be  held  to  be  sufficiently  proved  by  the  two  preceding  arguments. 
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follow  as  a  necessary  consequence,  since  we  do  not  know  how  &r 
towards  the  interior  the  increase  of  tempeiatore  proceeds  at  anjthizig 
like  the  rate  which  it  does  at  the  slight  depths  to  which  we  have  pene- 
trated. Neither  do  we  know  how  far  the  influence  of  increased 
pressure  maj  operate  to  keep  matter  solid,  even  when  raised  to  tem- 
peratures that  would  be  more  than  sufficient  to  render  them  fluid  if  it 
were  communicated  to  them  at  the  surface  of  the  earth. 

Water,  at  a  height  of  12,000  feet  above  the  surface  (as  on  the  Peak 
of  Teneriffe),  cannot  be  made  hotter  than  190®  F.,  since  it  boils,  that  is, 
it  becomes  steam,  at  that  temperature.  At  the  level  of  the  sea  it 
requires  to  be  raised  to  212°  F.  before  it  passes  into  steam ;  at  the 
bottom  of  a  deep  mine  the  increased  pressure  of  the  atmosphere  would 
keep  it  in  the  liquid  state  up  to  214°  F,  or  higher  ;  and  so  we  may 
well  suppose  that  at  great  depths  water  might  be  raised  to  500°  or 
600°  F.,  perhaps,  and  still  remain  water. 

What  is  true  of  a  liquid  passing  into  a  vapour  may  be  also  more 
or  less  true  of  a  solid  passing  into  a  liquid  state,  although  less  is 
known  of  the  relations  between  increase  of  temperature  and  of  pressure 
in  the  latter  case.     It  seems  likely,  however,  not  only  that  the  melting 
points  of  solids  should  be  largely  affected  by  variations  in  the  pressure 
to  which  they  are  subjected,  but  that  different  solid  substances  should 
be  affected  in  a  different  ratio.     If  this  be  the  case,  it  will  follow  that 
we  cannot  arrive  at  any  definite  conclusion  as  to  the  thickness  of  the 
solid  crust  of  the  globe  from  the  consideration  of  the  internal  tempera- 
ture only ;  and  also  seems  to  follow,  that  at  some  depth  there  must  be 
a  stratum  of  very  high  temperature,  in  which  the  materials  may  be 
solid  in  some  parts  and  fluid  in  others,  and  that  this  stratum   of 
passage  from  the  wholly  solid  to  the  wholly  fluid  state  may  be  of  in- 
definite thickness,  so  that  relative  motion  in  the  matters  composing  the 
interior  of  the  earth  may  be  impossible. 

It  has  been  shown,  by  the  researches  of  Sir  William  Thomson,* 
that  the  earth,  like  the  other  members  of  the  solar  system,  has  for 
millions  of  years  been  losing,  by  dissipation  into  space,  a  considerable 
proportion  of  the  energy  originally  stored  up  in  its  mass ;  and  that, 
from  the  known  general  increase  of  temperature  in  the  earth  down- 
wards, we  may  approximate  to  an  estimate  of  the  date  at  which,  the 
surface  of  the  earth  became  sufficiently  cooled  and  solid  for  the  evolu- 
tion of  geological  phenomena.  The  fact  that  there  is  such  a  downward 
increase  of  temperature  implies  a  continual  loss  of  heat  from  the  in- 
terior, and  consequently  also  (since  the  upper  crust  does  not  become 
hotter),  a  secular  loss  of  heat  from  the  whole  earth  K  this  loas  of 
heat  has  continued  for  a  vast  indefinite  period,  it  is  probable  that 
there  was  a  time  when  the  body  of  the  earth  was  an  incandescent 

*  Trana.  Roy.  Soc  Bdinbttrgh,  zziU.  157. 
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liquid.     Applying  a  solution  of  Fourier,  Sir  William  Thomson  esti- 
mates   that    the    superficial    consolidation    of    the    globe,    or    the 
"  consistentior  status  ^  of  Leibnitz,  "  could  not  have  taken  place  less 
than  20,000,000  years  ago,  or  we  should  have  more  underground  heat 
than  we  actually  have,  nor  more  than  400,000,000  years  ago,  or  we 
should  not  have  the  least  observed  underground  increment  of  tempera- 
ture.''    More  recent  consideration  of  the  subject  inclines  him  to  place 
the  date  of  the  "  emergence  "  of  this  "  status  "  about  100,000,000  years 
ago*     All  geological  history  would  require  to  be  comprised  within 
that  period.     Assuming,  with  considerable  probability,  that  the  earth, 
previous  to  the  beginning  of  that  period,  consisted  either  of  a  solid 
nucleus,  surrounded  with  a  deep  ocean  of  melted  rocks,  or  was  liquid 
to  the  centre,  and  that  it  was  left  to  cool  by  radiation  into  space,  he 
argues  from  the  thermo-dynamic  law  of  freezing,  and  from  that  connecting 
temperature  and  pressure,  that  it  is  most  consistent  with  the  present 
state  of  our  knowledge  to  infer  that  the  solidification  of  the  globe  pro- 
ceeded from  within  outwards,  and  that  there  could  be  no  permanent 
incrustation  all  round  the  surfEtce  till  the  whole  globe  was  solid.     In 
this  conclusion  he  agrees  with  that   previously  arrived  at   by  Mr. 
Hopkins,  with  whom  also  he  coincides  in  suggesting  that  within  the 
generally  solid  globe  there  may  still  exist  irregular,  comparatively  small 
(though,  of  course,  if  measured  by  miles,  extensive),  spaces  of  liquid. 
"  In  the  honeycombed  solid  and  liquid  mass  thus  formed,"  he  adds, 
"  there  must  be  a  continual  tendency  for  the  liquid,  in  consequence  of 
its  leas  specific  gravity,  to  work  its  way  up,  whether  by  masses  of  solid 
ialling  from  the  roofs  of  vesicles  or  tunnels,  and  causing  earthquake 
shocks,  or  by  the  roof  breaking  quite  through  when  veoy  thin,  so  as  to 
cause  two  such  hollows  to  unite,  or  the  liquid  of  any  of  them  to  flow 
out  freely  over  the  outer  surface  of  the  earth ;  or  by  gradual  sub- 
sidence of  the  solid,  owing  to  the  thermo-dynamic  melting,  which 
portions  of  it,  under  intense  stress,  must  experience."     He  considers 
that,  even  with  this  honeycombed  structure,  the  interior  of  the  earth 
at  present  "  is,  on  the  whole,  more  rigid  certainly  than  a  continuous 
solid  globe  of  glass  of  the  same  diameter,  and  probably  than  one  of 
steeLt 

•  TrwM.  Geal.  See.  Gla$gow,  rol.  iii. 

t  The  student  should  consult  on  this  subject  the  papers  of  Mr.  Hopkins,  Brit  Agaoe, 
Btport,  1847,  PhiL  Tratu.  1839 ;  Phys.  GtoL  BueareJus,  1839-42  ;  and  by  Professors  Haughton 
and  Hennessey,  Trans.  Roy.  IrisK  Acad.  See  also  the  essay  by  M.  Delannay,  Cliemical  News, 
Oct  1808,  and  Gtol.  Mag.  v.  607.  It  should  be  mentioned  that  Sir  William  Thomson  relied 
upon  the  data  arrired  at  by.Bischof  regarding  the  contraction  of  rooks  in  passing  into  the 
solid  state,  which,  in  the  case  of  granite  and  ether  rocks,  was  said  by  the  German  chemist  to 
amount  to  about  20  per  cent.  Doubts,  however,  have  been  cast  on  the  validity  of  these 
data.  It  is  certain  that  a  bar  of  solid  iron  actually  floats  on  the  surface  of  the  melted  metaL 
See  D.  Forbes,  OeoL  Mag.  iv.,  Chmieal  News,  Oct.  1867 ;  Sterry  Hunt,  ChemiMl  News,  xv., 
815 ;  Proe.  Roy.  ItuL,  May  81,  1867 ;  Pratt,  Proc  Rcy.  Soe.,  1870. 
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IDzoiting  OttOBes  of  Distorbinir  Action  on  Sarth's  Omst. — If  the 
idea  of  an  intensely  heated,  somewhat  honeycombed  centre,  abounding  in 
large  yeeicular  spaces  of  still  liquid  matter,  and  covered  with  a  com- 
paratively thin  cool  outer  portion  or  crust,  be  a  true  conception  of  the 
condition  of  our  globe,  it  is  obvious  that  we  have  an  abundant  source 
of  igneous  action  and  of  mechanical  movement  in  different  parts  of 
that  crust,  from  time  to  time,  provided  we  can  admit  of  local  excitiog 
causes  producing  an  occasional  determination  of  the  internal  heat 
towards  certain  spots  or  lines  of  the  surface. 

What  is  the  exact  nature  of  these  local  exciting  causes  is  a  question 
to  which  no  perfectly  satisfactory  answer  has  yet  been  given.  The 
suggestion  of  Sir  William  Thomson  has  just  been  given.  Another,  but 
one  which  may  quite  well  be  taken  as  a  concomitant  of  the  former,  is, 
that  water  gaining  access  from  the  surface  to  the  reservoirs  of  in- 
candescent matter  in  the  interior,  generates  explosions  of  steam,  by 
which  earthquakes  and  volcanic  eruptions  are  produced.  Sir  Hum- 
phrey Davy  proposed,  and  Dr.  Daubeny  supported,  a  hypothesis  that 
the  oxidation  of  the  metallic  bases  of  the  earths  and  alkalies,  by  the 
access  of  air  and  water,  produce  the  local  intensity  of  heat,  by  which 
subterranean  disturbances  are  caused.* 

The  solution  of  this  problem,  if  it  is  ever  to  be  obtained,  will  still 
require  the  united  labours  of  the  physidst  and  the  chemisL  In  the 
meantime,  the  student  may  pass  from  the  r^on  of  speculation  as  to 
what  may  be  the  nature  of  the  earth*s  interior,  and  the  causes  of  the 
movements  there,  and  turn  his  attention  to  the  results  which  geology 
proves  to  have  been  effected  upon  the  surface,  and  upon  the  mass  of  the 
outer  crust  by  the  influence  of  the  internal  heat 

*  See  the  papers  quoted  in  the  prerioxis  note ;  also  Daubeny*!  Volcanoe$,  Sd  Edit 


CHAPTER  XVII. 

MOVSMSHTS  OF  UFHSAYAL  AND  DEPRESSION  OF  THE  BABTH*8  CRITST. 

We  maj  speculate  as  to  the  nature  and  origin  of  the  movements  which 
take  {dace  within  the  crust  of  the  earth,  but  that  such  movements  do 
take  place  is  a  fact  of  which  we  have  many,  and  sometimes  disastrous 
proofs.  Their  existence  at  the  present  time  is  shown  bj  the  slow  ele- 
vation of  land  in  some  places,  or  its  slow  submergence  in  others  ;  by 
earthquakes  and  by  volcanoes.  We  shall  consider  these  phenomena  in 
the  order  now  stated.  But  first  of  all  it  may  be  of  use  to  prefix  a  few 
remarks,  to  show  that  in  such  movements  as  those  which  affect  the 
relative  levels  of  sea  and  laud^  it  is  the  land  which  is  moved  up  or  down, 
and  not  the  sea. 

It  is  clear  that  all  rocks  which  were  formed  at  the  bottom  of  the 
sea,  and  which  are  now  dry  land,  must  have  gained  their  present  situ- 
ation either  by  the  sinking  of  the  surface  of  the  sea,  or  by  the  uplifting 
of  its  bed.  If,  however,  the  level  of  the  sea  be  materially  lowered  by 
underground  movements  in  any  one  part  of  the  globe,  it  must  be 
equally  lowered  over  its  whole  surface.  But  we  find  aqueous  rocks 
on  the  summits  of  some  of  our  highest  mountains,  and  if  these  had 
been  laid  dry  solely  by  the  shrinking  of  the  sea,  without  any  movement 
in  the  solid  crust  of  the  globe,  either  on  dry  land,  or  beneath  the  ocean, 
we  most  suppose  that  a  shell  of  water,  several  thousand  feet  in  depth, 
has  been  removed  bodily  from  the  earth  into  another  part  of  the 
universe.  For  if  the  quantity  of  water  in  the  ocean  remained  the  same, 
its  general  surface  level  could  not  permanently  sink,  unless  there  were 
a  hollow  made  in  the  solid  part  of  its  bed  for  the  water  to  sink  into. 
Neither  could  its  general  surface  level  be  permai^ently  raised,  except  by 
the  filling  up  of  parts  of  its  bed  by  the  deposition  of  earthy  matter  ;  or 
else  by  a  contraction  of  the  capacity  of  its  bed  by  the  rising  of  the  solid 
rock  below  it  If  the  quantity  of  water  on  the  globe,  then,  remains 
the  same,  any  permanent  change  in  the  level  of  the  sea,  even  if  it 
were  an  equal  and  uniform  change  all  over  the  globe,  could  only  be 
caused  by  a  previous  change  of  position  in  some  of  the  solid  parts  of 
the  crust  of  the  globe.* 

*  See  the  orlgixul  statement  of  this  aigunent  in  Playfair's  lUusirationt  cf  the  Hutionian 
ThtoTjf,  p.  441. 
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There  are  indeed  circumstances  of  a  cosmical  kind,  by  which  the 
relative  levels  of  sea  and  land  may  be  affected.  Owing  to  the  attraction 
caused  by  the  accumulation  of  large  masses  of  ice  at  the  pole,  the 
general  level  of  the  ocean  might  be  raised  in  polar  and  diminished  in 
equatorial  latitudes.*  Mr.  Croll  has  likewise  pointed  out  that  in  conse- 
quence of  the  diminution  of  centrifugal  force  owing  to  the  retardation 
of  the  earth's  rotation  caused  by  the  tidal-wave,  the  level  of  the  sea 
must  tend  to  sink  at  the  equator  and  rise  at  the  poles.  This  would  not, 
however,  necessarily,  in  the  end,  expose  a  larger  amount  of  land  at  the 
equator,  for  the  change  of  level  resulting  from  this  cause  would  be  so 
slow  that  denudation  might  quite  well  keep  pace  with  it,  and  diminish 
the  area  of  land  as  much  as  Uie  retreat  of  the  ocean  tended  to  increase 
it ;  while,  as  Mr.  Croll  has  further  shown,  the  denudation  of  the  equa- 
torial land  and  the  deposition  of  the  detritus  in  higher  latitudes  must 
still  further  counteract  the  effects  of  retardation  and  the  consequent 
change  of  ocean-leveLf 

But  while  such  general  causes  of  change  in  the  relative  levels  of 
sea  and  land  require  to  be  taken  into  account  in  any  broad  philo- 
sophical view  of  the  geological  economy  of  our  globe,  it  is  nevertheless 
true,  that  in  the  great  majority  of  cases  which  come  before  us,  where  a 
change  of  level  must  have  taken  place,  it  is  the  land  which  has  risen  or 
sunk,  and  not  the  ocean.  For  all  practical  geological  purposes,  we  maj 
assume  the  sea-level  to  be  invariable,  and  that  the  fact  that  rocks  ori- 
ginally formed  under  the  sea  are  now  found  as  hills  and  moimtains,  is 
a  proof  that  these  rocks  have  been  elevated.  It  is  not  so  easy  to  prove 
the  fact  of  depression,  since  the  very  act  of  the  sinking  of  land  below 
water  removes  the  evidence  that  it  was  once  above  it  We  may  arrive 
at  this  conclusion  in  another  way.  We  could  not  continue  our  obser- 
vations upon  stratified  rocks  very  long,  without  perceiving  that  their 
beds  are  generally  inclined  to  the  horizon.  Now,  though  it  is  tnie 
that  in  certain  cases  beds  of  stratified  rock  may  be  formed  on  a 
slope,  these  cases  must  be  limited  to  small  areas.  A  steep  slope 
cannot  be  of  indefinite  extent,  and  could  not  have  parallel  beds 
deposited  over  its  whole  area  if  it  were,t  Whenever,  then,  we  have 
very  widely  spread  beds,  maintaining  an  equal  thickness  and  strict 
or  approximate  parallelism  over  a  large  extent  of  ground,  we  may 
feel  perfectly  sure  that  those  beds  when  first  formed  were  practictUy 
horizontal  If  such  beds  are  now  found  in  an  inclined  position,  thev 
must  have  been  moved  since  their  formation,  and  tilted,  either  by  being 

•  See  Croll,  PhU.  Mag.,  April  ISM ;  Ibid.,  June  18S7 ;  Trans.  G*oL  Soc  GUugmr, 
il.  177. 

t  See  Sir  WiUUm  Thomson's  paper,  in  Trans.  Geol.  Soe.  Glasgow,  toL  ^  p.  823 ;  OoO, 
PhU.  Mag.  for  IMS,  p.  882. 

I  See  Overlap,  ante,  p.  237. 
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lifted  up  at  one  end  or  depressed  at  the  otber,  ot  both  waj^  In  many 
cases  this  notion  has  been  very  great,  bo  that  the  beds  rest  at  high 
angles  with  the  hori- 
zon, and  in  Bome 
esses  sre  absolutely 
TetticsL  Beds  con- 
sisting of  ait«rnationa 
of  cky  and  Band,  with 
thin  seams  of  round 
pebbles,  have  been 
tilted  np  till  they 
are  now  perpendicu- 
lar [see  Fig.  127).  Ko 
one  could  look  at  a 
cM  exhibiting  these 
UcU,  without  feeling  pi.  ,27 

certain  that  in  this  Bed»  conUlnlnKliyeni  of  round  |«tblet,»hleli  iini«,thwt- 
csse  some  intemnl  fon,  tun  bMn  deposited  boriionullT,  now  ia  ■  Tcrtieil 
force  had  acted  upon  pi-itio"- 

previonsly  horizontal  beds,  and  tilted  them  into  their  present  position. 
From  what  has  been  observed  to  occur  in  onr  own  days,  and  what 
»e  can  see  has  taken  place  formerly,  there  appear  to  be  two  kinds  of 
movement  on  the  earth's  crust.  The  one  is  a  broad  equable  moTement, 
of  vertical  elevation  or  depression,  affecting  large  areas  simultaneously, 
bnt  not  producing  any  sensible  tilt  in  the  beds  ;  while  the  other  is  more 
local,  and  imparts  to  the  beds  not  only  a  vertical  elevation  or  depres- 
sion, but  an  angular  inclination  different  from  what  they  had  before. 

The  widely-apread  vertical  movement  which  affects  the  surface  now 
may  be  merely  the  external  symptom  of  the  more  deeply  seated  motion 
which  tiltt  or  btnd*  the  beds  below.  Such  inclinations  may  never  be 
given  to  beds  near  the  surface  except  for  very  small  disttmces,  or,  in 
otber  words,  the  greatest  contortion  and  compression  of  beds  may  not 
have  been  accompanied  by  any  more  sensible  change  at  the  enrface  than 
a  gradual  elevation  or  depression  of  the  land  or  sea-bed, 

B.  Blow  Xovemaata  of  Upbeaval. 
It  has  been  ascertained  that  a  number  of  wide  areas  of  the  earth's 
surface  are  at  this  moment  slowly  rising  with  respect  to  the  sea-level. 
The  Scandinavian  peninsula,  except  a  part  of  its  southern  end,  is 
undergoing  on  upward  movement,  for,  within  the  memory  of  man, 
snnkeo  rocks  have  become  visible,  ree&  have  grown  in  size,  shoals  have 
been  converted  into  dry  land,  and  marks  made  on  rocks,  to  test  the  rate 
of  rise,  are  now  found  to  be  higher  relatively  to  the  sea-level  tlian  they 
were  at  first.     The  rate  does  not  appear  to  be  uniform  over  the  whole 
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country  ;  in  some  districts  it  has  been  estimated  at  two  or  three  feet  in 
a  century.  The  moyement,  if  its  present  has  been  its  average  rate, 
must  have  been  in  progress  for  a  very  long  time,  for  we  find  beds  of 
sea-shells  of  living  species  at  heights  of  600  and  700  feet  above  the 
present  sea-leveL*  Among  other  regions  which  are  either  now  rising, 
or  which  have  been  but  recently  upraised,  may  be  instanced  the  coast-line 
of  Siberia  for  600  miles  to  the  east  of  the  Lena,  the  coast  of  Smith's 
Sound,  different  portions  of  the  borders  of  the  Mediterranean,  and,  on 
the  most  marvellous  scale,  the  western  mountainous  margin  of  South 
America,  j* 

The  proofs  of  elevation  of  land  are  furnished  by — (1.)  Observed 
changes  in  the  position  of  works  of  human  construction  ^ith  respect  to 
the  sea-leveL  (2.)  Similar  changes  in  the  sea-level  relatively  to  rocks, 
reefs,  etc.  (3.)  The  position  of  sea-worn  caves  above  the  present  limit 
of  the  waves.  (4.)  Bocks  covered  with  shell-fish  above  the  existing  tide- 
mark.     (5.)  Lines  of  former  sea-margins  or  raised  btackes. 

1.  Proofs  firom  Works  of  Human  Construction. — If  the  upward 
movement  is  extremely  slow,  it  escapes  notice  by  even  the  maritime 
population  of  the  country  unless  they  have  accurate  sea-marks,  as  in 
piers  and  harbours,  by  which  to  measure  it.  If  the  rate  were  as  much 
as  six  feet  in  a  century,  the  inhabitants  of  the  inland  districts  would 
not  observe  it  at  all,  and  to  those  along  the  coast  it  woidd  be  chiefly 
marked  by  the  fact  that  the  tide  no  longer  flowed  over  spaces  where,  a 
few  generations  before,  vessels  were  moored,  and  that  old  bidwarks  and 
piers  now  rose  higher  than  the  limit  reached  even  by  the  highest  tides. 

2.  Proofs  from  Baised  Beefs  and  Bocks. — The  elevation  of  the  land 
would  become  still  further  apparent  from  the  fact  that  rocks  and 
boulders,  once  half-tide  marks,  stood  now  beyond  the  tide-line  ;  that  reefs, 
formerly  covered  at  high-water,  were  now  permanently  dry  ;  and  that 
sunken  rocks  now  appeared  where  formerly  they  were  never  seen,  even 
when  the  tides  were  at  the  lowest  In  such  cases,  it  would  be  plain 
that  the  change  could  not  arise  from  any  heaping  up  of  materials  on 
the  land,  so  as  to  keep  back  the  sea,  but  that  the  land  must  actually 
have  risen. 

8.  Proofs  from  Old  Sea-oaves. — One  of  the  results  of  the  ceaselea 
abrading  action  of  the  waves  is  to  drill  lines  of  caves  along  exposed 
rocky  shores.  The  conditions  of  this  process  will  be  noticed  in  a  sub- 
sequent chapter.  In  the  meantime,  let  us  observe  that  such  caves  are 
formed  only  between  tide-marks,  and  therefore  form  an  excellent  cri- 
terion of  the  relative  level  of  sea  and  land.  When,  therefore,  we  find  linei 
of  these  caves  removed  above  the  tide-line,  and  sometimes  even  along  the 

*  See  the  evldeiice,  ftdly  given,  in  Sir  Charles  Lyell's  PHnctpUt  ofOmlon, 

t  Paper  on  Earthquakes  and  Volcanoes,  by  the  present  Editor,  in  Chamb«n*s  Mi9cdk*t 
ofTraaU. 


MOVEMENTS  OF  UPHEAVAL.  331 

face  of  an  exposed  precipitoas  bank  or  cliff,  we  infer,  without  hesitation, 
that  since  the  caves  were  excavated  the  land  has  risen,  and  that  the 
amount  of  the  rise  is  to  be  measured  by  the  vertical  distance  of  the 
floor  of  the  caves  above  the  level  at  which  similar  caves  are  being  exca- 
vated now.  Many  caves  of  this  kind,  sometimes  singly,  sometimes  in 
continnons  groups,  and  even  in  long  lines,  are  found  along  both  sides  of 
Scotland,  at  heights  vaiying  from  eight  or  ten  to  more  than  a  hundred 
feet  above  the  present  high-water  mark. 

4.  Proofii  firom  Bamaoles,  ate. — One  of  the  most  common  features 
of  the  boulders  and  rocks  between  tide-marks  is  the  grey  crust  of  bar- 
nacles, limpets,  etc.,  by  which  they  are  coated,  and  the  holes  bored  in 
them  by  various  mollusca.  We  know  that  these  marine  animals  require 
to  be  washed  daily  by  the  sea,  otherwise  they  die.  Hence,  when  wc 
meet  with  their  bleached  sheUs  still  adhering  to  dififis  and  rocks  which 
stand  above  the  reach  of  the  waves,  we  conclude,  without  hesitation,  that 
the  land  has  risen  since  these  animals  lived.  Of  course  a  single  boulder 
or  large  block  of  stone  crusted  with  the  sheUs  would  not  necessarily 
prove  the  uprise,  for  such  a  block,  or  even  a  great  many  of  them,  might 
easily  have  been  thrown  up  by  a  storm.  But  when  the  solid  cliff,  or  pro- 
jecting rocks,  rise  above  the  sea-level,  and  retain  the  crust  of  shells  and 
the  holes  which  the  boring  shells  made,  the  conclusion  is  forced  upon  us 
that  the  land  has  been  upheaved. 

6.  Proofs  firom  Baised  Beaches. — ^Between  tide-marks,  at  present, 
:he  sea  is  constantly  engaged  in  producing  sand  and  gravel,  spreading 
iiese  out  upon  the  beach,  mingling  with  them  the  remains  of  shells 
ind  other  marine  organisms,  and  sometimes  piling  them  up,  sometimes 
iweeping  them  away  out  into  the  deeps.  The  beach  is  a  well-marked 
eature  of  every  land  which  is  laved  by  a  tidal  sea.  When  the  land 
iees  with  sufficient  rapidity  to  carry  up  this  line  of  beach-deposits 
)efore  they  are  washed  away  by  the  waves,  they  form  a  flat  terrace, 
ir  what  is  known  to  geologists  as  a  raised  beach.  The  old  high- 
rater  mark  is  then  inland,  its  sea-worn  caves  become  in  time  coated 
rith  ferns  and  mosses,  the  old  beach  forms  an  admirable  platform,  on 
ddch  meadows,  fields,  and  gardens,  roads,  houses,  villages,  and  towns, 
pring  up,  and  the  sea  goes  on  forming  a  new  beach  below  and  beyond 
he  margin  of  the  old  one.  Raised  beaches  abound  round  many  parts 
f  the  coast-line  of  Britain.  Some  excellent  examples  occur  in  Corn- 
rail  and  Devon.*  The  Scottish  coast-line,  on  both  sides  of  the  island, 
;  fringed  with  raised  beaches,  sometimes  four  or  five  occurring  above 
acb  oUier,  at  heights  of  25,  40,  60,  and  75  feet  respectively  above  the 
resent  hi^-water  mark.  Each  of  these  lines  of  terrace  marks  a  former 
>wer  level  at  which  the  land  stood  with  regard  to  the  sea,  and  the 
TSLce  between  each  of  them  represents  the  vertical  amount  of  each  suc- 

*  Bee  Sir  H.  de  la  Beetle's  lUpori  on  Gtology  cfDwm  and  ComvaUj  p.  428,  et  $eq. 


332  GEOLOGICAL  AGENCIES. 

cessive  nprise  of  the  land.  Each  terrace  probably  indicates  ita  owb 
lengthened  stay  at  the  sea-line,  while  the  intervening  slopes  diov 
that  the  land  in  its  upward  movement  did  not  remain  long  enoagh  tX 
any  intermediate  points  to  give  the  sea  time  to  form  terraces.  In  other 
words,  a  succession  of  raised  beaches,  rising  one  over  the  other,  above  the 
present  sea-level,  points  to  a  former  protracted  upheaval  of  the  coontiy, 
interrupted  by  long  pauses,  during  which  the  level  did  not  matemllf 
change.* 

p, — Slow  Movements  of  Depreendon. 

It  has  been  already  remarked  that  when  the  land  sinks  benesili 
the  sea-level,  instead  of  rising  above  it,  the  fact  is  less  easily  detected, 
because  the  depression  removes  the  evidence  of  the  previous  sea-margin. 
Nevertheless,  partly  by  the  direct  evidence  of  experience,  and  partly  bj 
deductions  from  geological  data,  we  have  learnt  that  over  vast  areas  of 
the  earth's  surface  the  crust  is  subsiding,  and  that  both  land  and  sea-bed  &re 
sinking  at  the  present  time,  or  have  only  recently  ceased  to  do  so.  A  depres- 
sion is  proved  by — (1.)  The  rising  of  the  sea  over  human  constnicti<m3 
and  objects  of  nature,  the  previous  relative  levels  of  which  are  knowc 
(2.)  Submerged  forests.  (3.)  The  existence  of  Qords.  (4.)  The  develcf- 
ment  of  coral-islands. 

1.  Froofii  from  Human  Testimony. — Some  care  is  required  to  dis> 
tinguish  between  the  results  of  mere  erosion  by  the  sea  and  those  af 
actual  depression  of  the  level  of  the  land.  The  mere  encroachment  d 
the  sea  upon  the  land,  and  the  disappearance  of  successive  fields,  roads, 
houses,  villages,  and  even  whole  parishes,  does  not  necessarily  point  te 
a  sinking  of  the  land,  for,  as  we  shall  find  in  a  subsequent  chapter,  all 
this  destruction  of  the  coast-line  is  in  progress  in  our  own  conntiT, 
without  any  sensible  change  of  level.  If,  however,  the  sea  actuAllr 
comes  to  wash  over  roads  and  buildings  which  it  never  used  to  touiii 
if  old  half-tide  rocks  gradually  cease  to  appear  even  at  low- water,  and  if 
rocks  that  were  previously  above  the  reach  of  the  highest  tide  are  tunif^ 
into  shore  reefs,  and  skerries,  and  islets,  we  infer  that  the  coast-lii^  i* 
undergoing  a  movement  of  depression. 

In  Scam'a,  the  most  southerly  part  of  Sweden,  the  seapoit  toT3S 

*  It  may  be  well,  however,  to  recall  the  stadent's  attention  to  the  fkct  aln^^ 
mentioned,  that  the  level  of  the  ocean  in  different  regions  may  be  affected  by  eoiekai 
causes,  and  consequently  that  the  proofi  of  elevation  given  in  the  text  may  oeitsiBly  ^3 
some  cases  explicable  by  the  withdrawal  of  the  oeean.  For  example,  if  during  «^  ^ 
known  as  the  glacial  period  an  enormous  ice-cap  formed  about  the  North  Pole,  iti  c*^ 
would  be  to  draw  towards  it  the  waters  of  the  ocean.  The  level  of  the  sea  wonU  nse  = 
the  higher  latitudes,  and  if  this  heightened  level  remained  stationary  long  enough  to  ^^ 
of  a  beach-terrace  being  formed,  the  subsequent  retreat  of  the  sea  consequent  on  the  v^ 
ing  of  the  ice-cap  would  leave  a  line  of  raised  beach  on  the  re-emerging  land.  All  ^ 
cosmical  causes,  however,  could  only  affect  wide  areas  of  the  earth's  surftce.  Tte  ^(<^ 
character,  in  most  cases,  of  the  proofs  given  in  the  text  is  satisfactory  evidence  tbtt  t^ 
are  oorrectly  referred- to  movements  of  the  land  rather  than  of  the  ocean. 
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bear  evidence  that  the  land  is  there  sinking.  Streets,  originally  built 
ibove  high-water  mark,  are  now  below  it,  and  even  old  streets  are  found 
it  a  still  lower  level,  showing  that  the  subsidence  has  been  in  progress 
for  a  considerable  time.  A  stone,  the  position  of  which  had  been  ex- 
ictlj  fixed  by  linnsDUs  in  1749,  was  found,  in  1836,  to  be  a  hundred 
eet  nearer  the  water^s  edge  than  it  was  eighty-seven  years  before.  The 
rest  coast  of  Greenland,  in  like  manner,  is  subsiding  over  a  space  of  more 
lian  600  miles.  Ancient  buildings  on  low  shores  and  islets  have  been 
submerged,  and  the  Moravian  settlers  have  more  than  once  had  to  remove 
urther  inland  their  boat-poles,  the  old  poles  remaining  now  under  water.* 

2.  Submerged  Forests. — The  depression  which  carries  down  below 
he  sea-level  works  of  human  fabrication,  will  of  course  involve  in  the 
ame  common  fate  the  works  of  nature.  As  a  general  rule,  indeed,  the 
and,  as  it  is  brought  down  foot  by  foot  within  the  influence  of  the 
raves,  will  be  so  far  denuded  and  re-formed  that  comparatively  slight 
races  of  the  terrestrial  surface  will  survive  to  be  carried  down  beneath 
he  zone  of  tidal  and  wave-action,  and  there  covered  over  with  and 
>reserved  under  marine  deposits.  Consequently,  though  we  can  prove 
oany  depressions  to  have  taken  place  in  past  time,  the  actual  proofs  of 
ormer  land-surfaces  are  comparatively  rare.  Now  and  then,  however 
inder  favourable  circumstances,  as  for  instance  in  sheltered  bays  and 
stuaries,  fragments  of  old  land-surfaces  remain  still  distinct  under  water. 
'!hej  consist  of  what  are  known  commonly  as  "submerged"  or  "submarine 
arests,*'  that  is  to  say,  groups  of  trees  still  partly  erect,  and  with  their 
oots  still  in  their  native  soil.  Sometimes  beds  of  peat  occur  in  similar 
•ositions,  full  of  tree-stumps,  hazel-nuts,  branches,  leaves,  etc. 

"Round  the  shores  of  Devon,  ComwaU,  and  Western  Somerset,  a 
egetable  accumulation,  consisting  of  plants  of  the  same  species  as  those 
rhich  now  grow  freely  in  the  adjoining  land,  is  frequently  discovered, 
ccorring  as  a  bed  at  the  mouths  of  valleys,  at  the  bottoms  of  sheltered 
ays,  and  in  front  and  under  low  tracts  of  land,  the  seaward  side  of 
rhich  dips  beneath  the  present  level  of  the  sea.'*  t  This  old  land-surface 
)  found  to  be  very  commonly  covered  with  sand  and  silt,  in  which 
stoary  shells  are  found,  showing  that  the  subsidence  was  gradual,  the 
alleys  first  becoming*  estuaries,  and  then  sea-bays.  Similar  submerged 
Tresis  occur  at  different  places  along  the  more  sheltered  parts  of  the 
oast-line  of  Scotland. 

The  foregoing  two  kinds  of  evidence  of  depression  are  of  such  a 
ature  as  to  require  no  special  geological  training  to  appreciate  their 
)rce.  The  two  remaining  branches  of  proof,  however,  pre-suppose  a 
ertain  amount  of  acquaintance  with  several  parts  of  geological  evidence 
ud  reasoning.     Their  full  meaning  and  importance  will  be  better 

•  LyeU'i  PHnciples,  iL  lflO-7. 
t  De  U  Beehe,  Gwlogical  JUport  tm  Devon  and  ComwaU,  p.  4S0. 
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understood  by  ihe  student  when  he  has  completed  the  perusal  of  thu 
part  of  the  ManuaL 

8.  Byidenoe  from  I^Jords  or  Sea-Iioohji. — ^A  fjord  is  a  long  nanow 
inlet  of  the  sea,  usually  with  hilly  or  mountainous  sides,  its  upper  end 
terminating  at  the  mouth  of  a  glen  or  valley.  The  word  is  Nonregiui, 
and  it  is  in  Norway  that  Qords  are  most  characteristically  developed. 
But  our  own  word  **  firth  "  is  the  same,  and  along  the  western  coasts  of 
the  British  Isles  are  many  excellent  examples  of  Qoids.  With  us  they 
are  usually  termed  lochs,  as  Loch  Houm,  Loch  Nevis,  Loch  Fyne,  Gare- 
loch,  Lough  Foyle  ;  also,  in  Ireland,  bays,  as  Dingle  Bay,  Bantry  Bay.* 

From  what  we  know  of  the  mode  of  operation  of  the  various  forces 
of  denudation,  there  can  be  little  doubt  that  Qords  have  been  originally 
land  valleys.  The  long  inlet  filled  with  salt  water  was  primarily  ex- 
cavated as  a  glen  upon  the  land,  and  the  glen,  by  which  the  hollow  of 
the  fjord  is  prolonged  inland  into  the  interior,  corresponds,  in  form  and 
character,  with  that  hollow, — is  in  fact  an  int^ral  part  of  it  That  the 
glens  have  been  excavated  by  subaerial  agents  is  a  conclusion  which  will 
be  stated  and  enforced  in  a  subsequent  chapter.  Hence,  if  we  admit  the 
subaerial  origin  of  the  glen,  we  must  also  allow  a  similar  origin  to  the 
seaward  prolongation  of  the  glen,  that  is  to  the  fjord.  Eveiy  Qord  will 
thus  come  to  be  regarded  as  a  submerged  land  valley.  This  is  ood- 
firmed  by  the  fact,  that  just  as  we  do  not  commonly  meet  with  but  one 
glen  in  a  wide  mountain  district,  so  we  seldom  meet  with  a  solitaij 
fjord.  Like  the  glens,  the  Qords  occur  in  groups,  and  when  we  see  a 
long  coast-line  like  that  of  the  west  of  Norway  or  the  west  of  ScotUnd 
pierced  by  innumerable  fjords,  we  infer  that  the  land  has  sunk  down  on 
that  side  so  as  to  allow  the  sea  to  run  far  up  and  fill  the  submei^ged  glens.t 

4.  Bvidenoe  from  Ooral-Beefs. — That  wide  areas  of  the  sea-bed  sk 
undergoing  a  movement  of  subsidence  was  first  made  known  from  the 
growth  of  coral-reefs,  as  observed  and  explained  by  Mr.  Darwin.  He 
showed  that  the  species  of  coral  which  produce  great  reefis  only  live  in 
shallow  water,  where  the  heat  and  light  are  both  vivid,  and  where  the 
motion  and  play  of  the  waves  are  rapid  and  continuous.  A  depth  of  about 
fifteen  fathoms  seems  to  be  the  downward  limit  at  which  these  animals 
can  flourish.  Great  wall-sided  Atolls  and  Banders,  then  ,rising  from  depths 
of  2000  feet  or  more,  must  have  commenced  their  growth  in  shalkv 
water,  and  continued  it  upwards,  at  such  a  rate  as  to  have  always  lupc 
their  living  surface  near  to  the  surface  of  the  ocean,  while  the  rock  btse, 
on  which  they  rested,  gradually  subsided  beneath  it.  Hence,  as  conl- 
islands  are  found  rising  from  very  deep  water  far  from  any  land,  Mr. 

*  Tber«  is  a  habit  of  writing  thin  word  **  fHtb/'  instead  of  *<  ATth.**  FriA  may  be  fbe 
Latin  word  /return,  a  strait  or  passage  betweeo  two  seas ;  bat  Jkrtk  is_the  old  None  wofi 
JSord,  a  sea-loch. 

t  See  Gelkie's  Soensry  of  Scotland,  viewed  in  conneetUm  with  its  Phfftiedl  Gtograpkg,  p.  IS ; 
Bamsay,  Quart.  Joum.  QeoL  Soo.,  toL  xviiL  p.  125. 
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Darwin  drew  the  conclusion  that,  when  the  corals  began  to  build,  there 
was  land  where  there  is  now  sea,  and  that,  since  that  time,  a  wide- 
spread subsidence  of  land  and  sea-bed  must  have  taken  place.  The 
following  lesum^  of  his  argument  may  be  of  interest  to  the  student.^ 

Fringmg-reefs  are  banks  of  coral  which  grow  along  the  margin  of  the  shore. 
The  distance  of  the  outer  margin  of  a  fringing-reef  from  the  shore  depends  on  the 
slope  of  the  sea-floor  between  the  beach  and  the  fifteen-fathom  line.  This  is  shown 
in  Fig.  128,  where  the  horizontal  line  S  S  represents  the  surface  of  the  sea,  and 
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Fig.  128. 

F  F  a  depth  of  fifteen  fathoms  below  it.  A  B  and^^C  D  are  supposed  to  be  two 
shores,  sloping  at  different  angles,  which  become  coated  with  corals  down  to  the 
fifteen-fathom  line,  those  corals  eventually  accumulating  up  to  the  surface,  so  as  to 
fono  the  Mnging-reefis  REG.  The  bulkiest  corals  grow  farthest  from  land,  so 
that,  while  they  conmionly  reach  the  actual  surface  of  the  sea  at  the  outer  edge  of 
the  reef,  there  is  often  a  lagoon  of  deeper  water  left  between  the  outer  edge  and 
the  shore.  The  width  of  the  reef  R  £  is  of  course  greatest  where  the  slope  of  the 
rocks  forming  the  sea-bottom  was  originally  least,  and  the  outer  edge  of  the 
fringing  reef,  when  laid  down  on  a  chart,  becomes  like  a  line  of  soundings  upon  it, 
to  show  where  the  depth  of  fifteen  fathoms  originally  commenced,  and  immediately 
ontside  of  -which  it  is  still  to  be  found. 

Now,  suppose  the  whole  country,  of  which  A  B  and  C  D  are  the  shores,  to 
sink  slowly  down,  vertically,  into  the  sea,  the  whole  sea-bottom  aroimd  that  land  of 
course  partaking  of  the  movement.  The  sea  will  flow  farther  in  upon  the  sloping 
land  ;  as  the  latter  sinks,  the  width  of  the  reefs  R  E  will  be  increased,  and  if  the 
rate  of  depression  has  been  such  as  still  to  allow  of  the  growth  of  the  coral, 
especially  about  the  outer  edge  £,  the  reef  will  shortly  reach  again  the  surface  of 
the  sea,  and  the  height  of  the  outer  wall  G  E  will  become  greater  than  fifteen 
fathoms.  Let  this  sinking  of  the  earth's  surface  go  on  slowly  and  gradually,  or  by 
little  starts  of  a  few  inches  or  a  few  feet  at  a  time,  with  the  requisite  intervals 
between  them,  and  the  width  from  the  outer  edge  of  the  reefs  £  to  the  shore  R 
may  become  indefinitely  great,  as  well  as  the  height  of  the  outer  wall  G  E.  The 
depth  of  the  lagoon  also,  between  R  and  E,  may  in  many  cases  be  considerable  fh>m 
the  absence  there  of  coral-growth,  and  of  debris  derived  from  its  destruction. 

What  was  originally  a  Fringing  Reef  comes  thus  to  assume  the  form  of  what  is 
called  a  Barrier  Reef.  The  outer  edge  of  a  barrier  reef  runs  generally  parallel  to 
the  shores  of  the  land  inside  it,  but  rises  so^ietimes  like  a  great  wall  from  an  out- 
side depth  of  1000  or  2000  feet,  and  includes  a  lagoon  or  diannel  between  it  and 
the  land,  many  miles  wide  perhaps,  of  very  great  depth,  and  more  or  less  encumbered 
with  inner  reefs,  which  have  formed  in  favourable  locMilities. 

Should  the  land  be  an  island,  the  shores  of  which  do  not  extend  beyond  the 

*  Written  l)y  Mr.  Jukes ;  the  figures  are  from  his  School  Mawual  of  Geology, 
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varm  was  id  which  aloiie  the  caral-Teef-tiuldng  uiiinilB  can  live,  and  Uut  island 
h«  entirelj'  snn-oundfld  hj  a  barrier  reef,  it  ii  obrioiu  that  if  the  depreanon  pnxnd. 
the  lut  peak  of  the  ialand  must  oltimately  rink  beneath  the  wnTec,  and  the  baniet 
that  suTTonnded  it,  atill  coDtiuuing  its  upward  growth,  becomes  an  Atoll,  or  ring  of 
coral  reef,  encloaing  a  lagoon  without  any  inland.  No  other  dry  land  will  then  he 
left  except  the  sancibuika  formed  npon  the  reefe  themselves,  by  the  piling  acdm 
of  the  winds  and  waves  heaping  up  the  debris  they  have  worn  bom  the  reefs. 


Conversion  or  ■  Fringing  Seef  hilo  i  Biiriei  Reef,  imd  then  into  in  AtoU. 

Id  Fig.  129  an  attempt  is  made  to  represent  this  mode  of  apention,  in  which,  ai 
it  is  Impoaaible  to  introduce  a  motion  of  the  parU  of  the  figure,  different  lines  ss 
are  drawn,  to  represent  the  unaltering  surface  of  the  sea  at  different  timea.  Lfl 
the  obliquely-shaded  part  in  the  centni  represent  the  section  of  an  island  when  th« 
■ea-level  was  at  the  lowest  line  B  a,  and  the  dark  horizontally-shaded  patch  maikal 
F  F  on  each  side  of  it  represent  a  fringing  reef  which  was  then  formed.  T^cn  let  de- 
pression, as  above  described,  commence  and  go  on  until  the  surface  of  the  aes,  with 
respect  to  the  ialand,  can  be  represented  at  different  times  by  the  higher  lines  h  b.  TIk 
old  fringing  reef  will  at  these  times  have  become  a  barrier  reef,  as  indicated  by  the 
letters  b  b  surrounding  the  slowly  diminishing  island  ;  and,  finally,  the  last  pah  of 
that  island  will  disappear,  and  the  surface  of  the  sea,  being  represented  by  the  highal 
liue  SB,  the  figure  now  becomes  the  section  of  an  Atoll  a  a.  An  Atoll,  then,  is  ibt 
tomb  and  monument  of  a  sunken  island,  the  approximate  amount  of  dcpnsiaa 
being  measured  by  the  depth  of  the  water  outside  its  outer  slope,  where  the  fring- 
ing reef  from  which  it  sprang  still  exists  beneath  its  base,  and  would,  if  it  co^ 
be  traced,  mark  the  original  shores  of  the  old  land. 

Mr.  Darwin  *  shows  a  vast  area  of  depression  to  extend  in  the  Pacific,  tnm 
Pilcaum's  Island  and  the  Low  Archipelago  to  the  Caroline  and  Pellew  lalanda — s 
distance  of  more  than  7000  statute  miles.  Between  India  and  Uadagascir  ii 
another  such  area  more  than  1500  miles  in  length. 

The  great  harrier  reef  on  the  N.E.  coast  of  Australia  Is  1200  miles  long;  aad, 
including  New  Caledonia  and  the  Louisiade,  and  the  many  intermediate  recb  rf 
what  Flinders  called  the  Coral  Sea,  that  area  of  depreasion  seems  to  be  at  tout  at 
broad.  It  is  remarkable,  as  observed  by  Mr.  Daiwin,  that  between  this  latter  arei 
and  that  of  the  Qreat  PaciGc,  there  seems  to  extend  a  band  or  bands,  where  elevatica 
r&ther  than  depression  is  t^ing  place.  Volcanoes  and  volcanic  islands  are  muDrr- 
ons  in  these  bands,  spreading  from  New  Zealand  to  the  New  Hebrides  and  Sn 
Guinea,  and  running  thence  through  the  Eastern  Archipelago  to  Java  and  Soniitn. 
I  can  answer  for  raised  coral-reefs — piobably  raised  fringing  reefs — existing  in  tbe 
country  at  Timor  and  Java,  and  some  of  the  intermediate  islands,  at  heights  of  ddc 
or  two  hundred  feet  at  least  above  the  level  of  the  sea. 

*  nie  itodent  Is  reren*d  to  Kr.  Dsrwln's  book  on  Conl  Reefs,  publisbed  in  IM^asiw 
of  the  results  of  his  voyigKi  in  the  Bessie,  for  full  deftcriptlons  of  tbese  coral  revTs,  and  Ite 
flnteipoaKloDof  UdsdDctrlDBDf  tlia  depresilaD  of  the  ocesn-bed  as  an  eipUcatltu  ef  O^ 
pbSDOimna.    Bee  also  Dana,  E^toring  I^cdWim  BiptrU,  Ktl,  bihI  IMS. 
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Bnminary.  —  From  what  has  now  been  stated,  it  appears  that 
widely-extended  movements  have  been  and  are  now  going  on  within 
the  crust  of  the  earth,  and  that  these  movements  manifest  themselves  at 
the  surfieuie,  sometimes  in  the  elevation,  sometimes  in  the  depression,  of 
the  land  or  of  the  sea-bed.  When  land  rises  or  falls  the  change  affects 
the  climate  of  the  r^ons  so  moved,  and  changes  of  climate  react  upon 
the  various  tribes  of  plants  and  animals  of  the  land.  In  like  manner, 
elevation  or  depression  of  the  sea-bed  influences  the  course  of  marine 
currents  and  the  distribution  of  temperature  in  the  ocean — changes 
which,  as  on  land,  tell  upon  the  marine  climates,  and  consequently 
upon  the  distribution  of  the  plants  and  animals  of  the  sea. 

A  consideration  of  the  present  denudation  of  the  globe,  as  will  be 
shown  in  a  subsequent  chapter,  makes  known  to  us  that  so  universal  is 
the  waste  of  all  land-surfaces,  that,  were  there  no  compensating  force  at 
work,  all  dry  land  would  eventually  be  worn  away,  and  its  debris  would 
be  deposited  on  the  floor  of  the  ocean.  This  compensating  force  is 
supplied  by  the  subterranean  movements  which  result  in  the  permanent 
elevation  of  land. 

But  if  we  reflect  a  little  on  the  necessary  effects  of  such  movements 
as  those  which  we  have  been  considering  in  this  chapter,  we  perceive 
that,  while  the  surface  of  the  globe  is  affected,  there  must  also  be  con- 
siderable changes  brought  about  within  the  crust  of  the  earth  below  the 
elevated  or  depressed  areas.  One  result,  which  must  often  happen,  is  the 
enormous  compression  of  the  rocks  at  great  depths.  H  it  be  true,  and 
we  cannot  doubt  that  it  is,  that  there  has  been  a  secular  cooling  of  the 
whole  body  of  the  earth,  and  if  the  rocks  composing  the  mass  of  the 
earth  have  on  the  whole  contracted  on  cooling,  the  hardened  crust  must 
gradually  have  shrunk.  In  the  course  of  this  process  both  elevation 
and  depression,  on  the  largest  scale,  probably  occurred,  and  at  the  same 
time  enormous  plication  and  crumpling  of  the  rocks.  There  ia  good 
reason  to  believe  that  the  elevation  of  mountain  chains  may  very  gene- 
rally be  due  to  the  results  of  this  slow  secular  reMgeration.  It  may  seem 
paradoxical  to  speak  of  lofty  mountain  chains  being  due  to  a  shrinking, 
instead  of  an  expansion,  of  the  earth's  crust  But  we  must  remember 
that  while  the  general  result  was  a  diminution  of  bulk,  the  enormous 
strain  of  the  shrinking  crust  would  often  relieve  itself  by  the  rise  of  long 
and  variously-shaped  portions  of  the  outer  shelL  The  form,  direction, 
and  size  of  these  ridges  would  be  determined  by  variations  in  the 
structure  of  the  crust,  by  the  position  of  the  internal  tunnels  or  re- 
servoirs already  referred  to,  and  no  doubt  by  many  other  local  features, 
regarding  which  we  know  as  yet  little,  and  may  never  know  much. 
This  subject  will  be  again  referred  to  in  the  account  to  be  given  of  the 
origin  of  mountain  chains. 


CHAPTER   XVIIL 

EABTHQUAKEB. 

Besides  the  slow  movemente,  described  in  the  forgoing  chapter,  there 
are  others  of  a  sudden  and  violent  kind,  which,  though  they  do  not  pro- 
duce the  same  extent  of  permanent  change,  yet  give  rise  to  far  more 
disastrous  temporary  disturbance.  These  more  rapid  and  sensible 
movements  come  under  the  general  denomination  of  earthquakes. 
Their  intensity  varies,  however,  very  widely.  In  many  cases,  as  for 
instance  in  Britain,  all  that  is  usually  felt  is  a  mere  vague  underground 
rumbling,  like  the  sound  of  distant  thunder,  or  of  booming  artillery,  or 
of  a  heavily-laden  waggon  drawn  along  a  causeway*  A  little  greater 
force  of  shock  suffices  to  shake  windows,  pictures,  glasses,  and  other 
loose  objects ;  a  heavier  shock  loosens  chimneys,  slates,  plaster,  or 
cracks  walls,  or  twists  round  the  upper  parts  of  spires  and  monuments. 
From  such  comparatively  slight  manifestations  we  can  follow  the  in- 
crease of  intend^,  untU  we  meet  the  true  and  typical  earthquake,  when 
the  ground,  heaving  up  and  down  like  the  sea  in  a  storm,  is  rent  open, 
houses,  churches,  even  entire  cities,  are  reduced  to  ruins,  difis  are 
shattered,  rivers  and  lakes  ponded  back,  and  the  sea  driven  in  great 
waves  upon  the  land. 

Definition  and  Iiswa  of  IBarthguake  motion. — ^Mr.  Mallet**  defines 
an  earthquake  as  '*  a  wave  or  waves  of  elastic  compression,  in  any 
direction,  from  verticaUty  upwards  to  horizontaUty,  in  any  azimuth  "  (or 
compass  bearing),  '^  through  the  crust  and  surface  of  .the  earth,  from  any 
centre  of  impulse,  or  more  than  one,  and  which  may  be  attended  with 
sound-waves  and  sea-waves,  depending  on  the  impulse,  and  upon  cir- 
cumstances of  position  as  to  sea  and  land."  He  gives  the  following  as 
the  conclusions  to  which  his  careful  researches  had  led  him. 

1.  The  ^  earth-wave  of  shock  "  appears  to  be  the  result  of  a  sudden 
impulse  or  blow,  such  as  a  sudden  volcanic  outburst,  sudden  cracking 
of  a  mass  of  rode  in  a  state  of  tension,  sudden  generation  of  steam  from 
water  in  a  spheroidal  state,  or  sudden  condensation  of  steam  under 
pressure  of  sea-water.  Such  a  sudden  impulse  would  always  cause  t 
tPovBythBt  is  a  rise  and  fatty  either  in  soUd,  Hqnid,  or  gaseous  substances. 

*  In  his  Beport  to  the  Royal  Bodety  on  the  Neapolitan  eaithqoakea  of  1857,  pnblisbed 
in  1862  as  a  separate  work,  in  2  vols.,  by  Chapman  and  HaU. 
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2.  This  wave  is  transmitted  with  great  velocity,  and  affects  any 
given  spot  for  but  a  brief  moment  of  time. 

3.  The  waves  travel  in  spheroidal  shells,  so  that,  as  each  reaches  the 
surface,  it  spreads  in  circles  larger  and  larger  as  it  recedes  from  the 
point  directly  over  the  shock.  Inasmuch,  however,  as  the  central 
impulse  does  not  proceed  from  a  mere  point,  but  from  a  space  often  of 
large  dimensions,  the  form  of  the  waves  will  vary  indefinitely  from 
circles,  and  form  closed  curves  of  irregular  shapes.  This  irregularity 
will  be  increased  by  their  passing  through  heterogeneous  rocks,  which 
vary  in  density,  hardness,  number  of  joints,  direction  of  dip,  and 
other  circumstance.  The  motion  will  be  still  farther  complicated 
by  return  waves  from  the  surface  of  rocks  suddenly  varying  in  density, 
etc 

4.  The  "  angle  of  emergence  "  of  the  wave  directly  over  the  central 
impulse  will  be  perpendicular  to  the  surface,  in  a  line  or  plane  which  he 
calls,  the  **  seismic  vertical  ; "  but  this  "  angle  of  emergence "  will 
decrease  in  proportion  as  we  recede  from  this  seismic  vertical,  so  that, 
if  we  can  determine  that  angle  in  two  or  three  places,  we  can  calculate 
the  depth  and  extent  of  the  "  central  impulse."  This  may  be  done  by 
observing  its  effects  of  fracture,  overthrow,  or  projection,  on  such  things 
as  substantial  buildings.  The  intensity  of  motion  will,  of  course,  be 
greatest  over  the  "  seismic  vertical,"  but  it  there  exerts  no  overturning 
power.  As  we  recede  from  the  seismic  vertical,  the  overturning  power 
increases  as  the  angle  of  emergence  lessens.  The  intensity  of  the  power 
diminishes  in  the  same  proportion,  but  there  must  be  some  curved  line 
on  the  surface  of  the  area  affected,  when  the  overturning  power  is  at 
a  maximum,  in  consequence  of  the  wave  emerging  with  sufficient 
obliquity,  before  it  has  lost  the  requisite  intensity. 

5.  The  velocity  of  transit  of  the  wave  must  not  be  confounded  with 
the  "  velocity  of  shock,"  or  that  of  motion  in  any  particle  affected  by 
it  Half  the  amount  of  actual  motion  of  any  particle  above  and  below 
its  original  place  he  calls  the  "  amplitude  "  of  the  wave.  The  form  of 
the  wave  travels  half  as  fast  as  a  cannon-shot,  but  the  motion  of  a 
particle  in  amplitude  is  not  Inore  rapid  than  that  of  a  body  falling  from 
a  height  of  three  feet  It  is,  however,  the  latter  motion  which  does  the 
mischief  to  buildings. 

In  the  Calabrian  earthquakes,  in  1857,  Mallet  found  the  velocity  of 
transit  of  the  wave  to  have  varied,  according  to  the  rock  formations  it 
traversed,  from  668  feet  to  989  feet  per  second,  with  a  mean  of  789 
feet  per  second.  The  velocity  of  shock,  however,  came  out  only  12  or 
13  feet  per  second,  and  the  **  amplitude  "  of  the  wave  not  more  than 
3  or  4  inches.  From  observations  on  the  effects  upon  buildings, 
enabling  him  to  calculate  the  angle  of  emergence  of  the  wave  at  differ- 
ent places.  Mallet  fixed  the  position  of  the  Calabrian  centre  of  impulse 
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and  calculated  tliat  its  mean  depth  was  5'3  miles,  but  that  it  was  9 
miles  long  horizontallj,  and  3  miles  verticallj. 

From  the  description  given  hj  Humboldt  of  the  earthquake  at 
Kiobamba,  in  which  the  bodies  of  people  were  projected  a  height  of  100 
feet  across  the  lican  [torrent  on  to  the  hill  of  La  Culla,  Mallet  calcu- 
lates that  the  velocity  of  shock  there  must  have  equalled  80  feet  per 
second,  or  more  than  ^ve  times  that  of  the  Calabnan  earthquake  of 
1857,  and  that  the  depth  of  the  central  impulse  must  have  been  30*64 
geographical  miles,  which  he  supposes  to  be,  perhaps,  the  greatest 
possible  depth.  This  would  be  represented  by  one-eighth  of  the  space 
between  the  outer  and  inner  circle  in  Fig.  126,  page  319. 

Efibots  of  Earthquakes. — For  descriptions  of  recorded  earth- 
quakes the  student  will  consult  such  works  as  those  mentioned  in  the 
note  below.*  He  may  find  it  of  service,  however,  to  have  the  effects 
produced  by  earthquakes  summarised  in  the  following  paragraphs : — 

1.  Heaving  or  ITndulatory  Movement  of  the  Oround. — If  we  watch 
the  vessels  in  a  harbour,  when  a  strong  swell  is  coming  in  from  the  sea  outside,  m 
see  the  masts  rooking  uneasily  backwards  and  forwards,  as  each  undulation  passes 
under  them.  The  motion  produced  by  an  earthquake  wave  is  of  the  same  kind. 
Trees  are  bent  over,  now  to  the  one  side  and  now  to  the  other ;  sometimes  their 
upper  branches  touch  the  ground.  In  a  wooded  coimtry,  the  crashing  of  boughs 
is  heard  far  and  wide  as  the  trees  are  thrown  against  each  other ;  after  the  calamitj 
has  passed  the  ground  is  found  strewed  with  broken  branches  and  prostrated 
trunks.  Among  the  still  erect  trees,  some  are  found  locked  into  each  other — the 
boughs  of  one  having  been  inextricably  twisted  into  those  of  its  neighbour,  as  they 
were  swung  to  and  fh)  by  the  rocking  ground.  Tall  pinnacles  of  rock,  in  like 
manner,  after  reeling  backwards  and  forwards,  sometimes  fall  in  headlong  ruin 
into  the  valley  below,  hurling  down  woods  and  hamlets,  and  spreading  desolation 
over  cultivated  fields. 

It  is  natural,  however,  that  these  effects  should  be  more  noticeable  among 
human  works  than  in  nature.  Accordingly,  it  is  the  results  of  earthquake  shocks 
on  buildings  which  have  been  chiefly  chronicled,  and  which  have  enabled  us  to 
arrive  at  some  knowledge  of  the  nature  of  the  movements  by  which  these  shocks 
are  produced.  When  a  shock  of  full  violence  passes  under  an  inhabited  country, 
the  houses  and  other  buildings  rock  to  and  fro  like  the  ship-masts  in  the  harbour. 
The  result  is,  that  in  a  few  seconds  the  walls  give  way,  and  the  buildings  sink  in 
ruins  to  the  ground,  burying  such  of  the  luckless  inmates  as  have  been  unable  to 
escape.  Sometimes  it  is  the  buildings  solidly  constructed  of  stone  which  suffer 
most,  and  lamentable  instances  are  on  record  of  thousands  of  people  having  been 
crushed  under  the  ruins  of  churches,  into  which  they  had  gone  either  for  the 
purposes  of  devotion  or  for  greater  security.  At  other  times  the  well-built 
houses  escape,  whilst  those  more*  slimly  formed,  of  wood  or  of  brick,  tumble  down 
as  if  they  had  been  built  of  cards.  In  such  cases  the  different  modes  in  which  the 
houses  suffer  appear  to  depend  upon  the  nature  of  the  ground  on  which  they  aie 
built,  as  well  as  of  the  materials  of  their  construction.    There  seems  something 

*  See  Von  HofTs  Veranderungen  der  Erdoberjldche,  parts  2,  4,  and  6 ;  Halleft  work, 
already  cited,  and  his  Earthquake  Catalogw,  published  by  the  British  Association  ;  LyelTi 
Principle$  qf  Geology,  vol.  it  ;  Somerville's  Pkysicai  Oeography.  An  interesting  resume  ot 
the  earthquakes  in  1867-8  was  given  by  C.  L.  Oriesbach  to  the  Geographical  Society  <rf 
Vienna,  and  is  pnbUshed  separately  ander  the  Utle  En^tebm  in  den  Jakren  18«7  Mid  186a. 
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almost  cspricioiiB  in  the  earthquake  shock.  A  whole  street  will  sometimes  be 
levelled  to  the  groand,  except  one  hoose,  which  may  be  but  little  iigured ;  half  of 
a  house  will  be  thrown  down,  while  the  other  half  remains  not  much  the  worse ;  a 
pillar  or  obelisk  will  have  its  stones  twisted  round  upon  each  other,  and  yet  the 
whole  remain  still  standing.  Instances  are  also  recorded  of  buildings  having  been 
cracked  in  two,  the  one  half  sinking  down  several  feet  below  the  levd  of  the  other. 

Besides  the  undulatory  movement  of  the  earthquake,  which  causes  perpendi- 
cular objects  to  sway  to  and  fro,  there  is  in  the  centre  of  the  disturbed  area  (that 
is,  more  or  lees  directly  over  the  focus  of  disturbance)  an  upward  jerking  motion, 
which  aifects  even  horizontal  bodies.  For  instance,  oases  are  known  where  the 
paving-stones  of  a  street  have  been  pitched  out  of  their  sockets,  and  have  been 
found,  after  the  earthquake,  lying  with  their  under  surfaces  uppermost.  This 
motion,  combined  with  the  wave-like  one,  produces  sad  havoc  in  a  town.  On 
sloping  surfjsces  stupendous  results  are  often  brought  about  Thus,  along  river- 
courses,  banks  of  loose  earth,  sand,  or  gravel,  are  shattered,  and  masses  are  launched 
down  towards  the  river.  On  mountain  slopes  also,  large  areas  of  soil  and  debris 
bave  been  shaken  loose  from  the  rock  on  which  they  rested,  and  hurled  into  the 
valleys.  Similar  results  take  place  4tlong  the  margin  of  the  sea.  Earth,  soil,  and 
stones  are  thrown  from  steep  slopes  to  the  beach ;  and  cattle  browsing  on  these 
dedivitiee  are  likewise  swept  down ;  even  solid  clifb  are  shaken,  and  large  frag- 
ments of  them  detached  to  fall  into  ^e  waves  below. 

2.  Ti^TiHiiig  open  of  the*.  Ghronnd. — Besides  the  effects  produced  by  the 
undulatory  or  jo'king  motion  of  the  earthquake  on  objects  at  the  surface,  another 
highly  important  feature  is  the  actual  rending  open  of  the  ground.  This  does  not 
neceraarily  take  place  in  all  earthquakes ;  but  it  is  one  of  their  frequent  and 
teirible  accompaniments.  Cracks  of  the  soil  are  formed,  and  these  vary  in  size 
from  only  a  foot  or  two  in  length,  and  an  inch  or  two  in  breadth,  up  to  rents 
ninety  n^es  long,  and  sometimes  several  yards  in  diameter.  During  the  progress 
of  an  earthquake  such  cracks  are  observed  to  open  and  close  again  sometimes  in 
rapid  succession.  Trees,  houses,  men,  cattle,  anjrthing,  in  short,  which  may 
happen  to  be  on  the  surface  at  the  time,  fall  into  the  chasm  opening  beneath 
them,  and  may  be  there  engulfed  for  ever.  Yet  cases  are  known  where  men  have 
CsUen  into  the  cracks,  and  though  the  walls  have  closed  upon  them,  they  have  been 
thrown  out  again  alive  when  the  chasm  reopened.  Quantities  of  mud  and  sand, 
abng  with  water,  are  sometimes  ejected  from  the  rents,  or  fh>m  curious  funnel« 
shaped  cavities  formed  in  the  ground  at  the  time.  The  fissures  either  close  again 
permanently,  and,  after  the  earthquake,  cease  to  be  visible,  or  they  remain  open, 
and  may  continue  so  for  many  years,  until,  as  their  sides  crumble  down,  they 
become  filled  up,  and  in  the  end  gradually  obliterated,  or  in  some  cases  they  may 
give  rise  to  new  minor  valleys. 

8.  Xflbota  on  the  Ooean. — ^It  is  evident  that  no  shaking  of  the  solid  land 
could  take  place  without  affecting  more  or  less  the  waters  of  the  ocean.  This 
would  be  the  case  if  the  seat  of  the  earthquake  shock,  or  the  place  where  it  first 
reached  the  surface  from  below,  lay  beneath  the  inland  parts  of  a  country,  and  the 
earthquake  wave  undulated  outwards  to  the  sea-margin.  But  it  often  happens 
that  the  point  of  origin  of  an  earthquake  lies  somewhere  beneath  the  bed  of  the 
ocean,  and  though  the  actual  earthquake  wave  may  never  be  propagated  through 
the  solid  crust  to  reach  the  land,  the  commotion  it  produces  in  the  waters  gives 
rise  to  an  ocean-wave  which  rolls  landward  until  it  breaks  upon  the  coast.  In 
truth,  in  all  maritime  districts  subject  to  earthquakes,  the  amount  of  disaster 
achieved  by  the  shaking  of  the  ground  is  often  far  less  than  that  which  is  worked 
by  the  inroad  of  the  sea.  The  inhabitants  have,  perhaps,  been  terrified  by  the  first 
shock  of  the  earthquake,  when,  before  they  have  recovered  from  their  surprise,  they 
see  the  sea  in  front  of  them  retire  for  several  hundred  yards,  laying  bare  ^e  bottom 
of  the  harbour  or  the  beach.    By-and-by,  when  it  has  reached  its  farthest  limit  of 
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retreat,  they  watch  it  surge  and  foam,  and,  gathering  itself  into  a  broad  breast  of 
water,  rush  furiously  toinuds  the  shore.  In  a  few  minutes  hundreds  or  thousands 
of  the  inhabitants  are  drowned,  or  dashed  against  houses,  or  transfixed  with  broken 
wreck.  What  of  their  city  has  been  leffe  unprostrated  by  the  earthquake  is  now 
inundated,  and  in  great  part  levelled  by  the  torrent  of  sea-water.  Ships  riding 
in  the  roadstead,  even  heavily-armed  men-of-war,  are  swept  inland,  and  left  high 
and  dry,  half-a-mile,  it  may  be,  from  the  shore.  In  short,  wherever  the  sea-wave 
reaches,  it  carries  ¥rith  it  indescribable  desolation.  Property  of  every  kind  is 
destroyed,  and  in  a  few  moments  a  busy  seaport-town  is  actually  blotted  out  of 
existence. 

4.  Permanent  Changes  of  the  Surfaoe. — The  effects,  which  we  have 
hitherto  been  considering,  although  of  terrible  import  in  relation  to  man  and  his 
works,  are  not  those  features  of  earthquake  phenomena  which  leave  the  most  per- 
manent marks  on  the  surface  of  the  earth.  A  city  may  be  shaken  to  pieces  or 
destroyed  by  the  ocean-wave,  but  its  site  may  become  again  covered  with  a  new 
town,  and  every  memorial  of  the  catastrophe  be  effaced.  The  present  city  of 
Lisbon  is  built  on  the  ruins  of  that  which  was  destroyed  by  the  great  earthquake 
of  1755  ;  and  in  digging  the  foundations  of  new  houses  and  streets,  the  remains  of 
the  destroyed  city  are  continually  met  with.  A  forest  may  be  shattered,  but  time 
will  eventually  replace  the  prostrated  trees.  Masses  of  earth  or  blocks  of  rock  may 
be  loosened  and  fall  into  the  valleys  below,  but  the  scars  which  they  leave  will  ere 
long  be  healed.  But  there  are  aecompaniments  of  earthquakes  which  more  per- 
manently alter  the  surface  of  a  country,  and  which  show  that  earthquakes  play  an 
important  part  among  the  agencies  by  which  the  external  contour  of  our  ^obe  is 
modified. 

By  the  shifting  of  large  masses  of  rock  or  debris  in  the  manner  above  described, 
the  drainage  of  a  country  may  be  considerably  altered.  When  these  looaened 
materials  fall  across  the  course  of  a  river,  one  of  two  results  follows — either  the 
river  is  deflected  from  its  old  course,  and  compelled  to  form  a  new  channel,  or  ite 
waters  are  ponded  back,  and  a  lake  is  formed.  In  the  former  case,  over  and  above 
the  destruction  of  cultivated  ground  which  may  have  been  caused  by  the  landslip^ 
the  river,  in  cutting  out  its  new  course^  may  have  to  traverse  fields  and  gardens, 
which  are  of  course  destroyed  by  it.  When  its  course  has  been  thus  fairly  altered, 
the  river  is  likely  to  retain  for  a  long  time  the  channel  into  which  it  baa  been 
driven,  and  hence  the  drainage  of  the  valley  is  considerably  modified.  In  like 
manner,  the  formation  of  a  new  lake  may  entail  the  loss  of  much  valuable  soiL 
Moreover,  as  the  barrier  by  which  the  waters  of  the  lake  are  dammed  back  may  be 
of  loose  incoherent  material,  there  is  the  risk  that,  during  some  season  of  unusual 
rains,  it  may  give  way,  when  the  contents  of  the  lake  will  of  course  rush  down  the 
valley,  carrying  ruin  to  wherever  they  reach. 

During  the  concussion  of  the  ground,  it  sometimes  happens  that  the  barrier  of 
an  old  lake  is  lowered  or  cracked  in  such  a  manner  as  to  allow  of  the  escape  of  the 
waters.  After  the  earthquake  is  over,  the  lake  is  found  to  have  disappeared. 
Rivers,  too,  have  been  known  to  be  engulfed,  pouring  into  rents  of  the  ground,  to 
reappear  again  perhaps  at  the  surface  some  way  down  the  valley.  Although  the 
amount  of  change  effected  by  any  single  earthquake  upon  the  drainage  of  a  country 
may  not  be  very  great,  we  must  nevertheless  bear  in  mind  that  if  even  alight 
changes  are  produced  year  after  year,  or  century  after  century,  the  sum  total  of 
their  results  may  come  in  the  end  to  be  not  inconsiderable.  Whatever  interferes 
with  the  flow  of  water  across  a  country  necessarily  exercises  an  important  influeoee 
upon  the  outline  which  the  surface  of  that  country  will  eventually  assume ;  for,  as 
will  be  pointed  out  in  a  subsequent  chapter,  it  is  mainly  by  the  power  of  running 
water  that  the  valley  systems  are  carved  out,  widened,  and  deepened. 

6.  Permanent  Alterations  of  Iievel  of  the  Iiand.— But  of  all  the  results 
which  are  brought  about  during  the  passage  of  an  earthquake^  there  is  none  wrludi 
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so  appeals  to  our  imagmation,  as  evincmg  the  mighty  enei^  of  the  trndeiground 
forces,  or  which  is  in  itself  really  of  such  importance  in  the  history  of  a  land- 
uvabkce,  as  the  permanent  change  of  level  of  the  region  affected  by  the  earthquake 
Sometimes  the  movement  is  an  upward  one,  and  the  ground  remains  at  the  height 
to  which  it  has  been  raised ;  sometimes  it  is  in  a  downward  direction,  and  the 
land  is  left  permanently  at  a  lower  level  than  It  had  before.  In  either  case,  the 
effects  may  be  traced  over  wide  areas,  hundreds  or  thousands  of  square  miles  of 
country  having  been  upheaved  or  depressed  to  a  distance  of  several  feet  above  or 
below  their  former  level.  The  reality  and  extent  of  this  change  of  level  are  best 
seen  along  the  sea^margin.  When  the  land  has  been  elevated,  it  seems  as  if  the 
sea  had  retired  fh>m  its  ancient  limit.  The  beach  and  all  the  rocks  which  used  to 
be  washed  by  the  tides  are  laid  bare.  Shell-fish  are  found  still  adhering  to  the 
places  where  they  used  to  live,  though  now  far  removed  above  the  reach  of  the 
waves  ;  large  quantities  of  fish,  killed  by  the  shock  or  cast  ashore  by  the  irruption 
of  the  sea,  are  strewn  along  the  beach,  and  the  air  soon  becomes  foul  with  the 
smell  of  the  decayed  animal  matter.  In  the  end,  the  upraised  beach  comes  to  be 
covered  with  vegetation  ;  it  may  be  that  even  villages  and  towns  are  built  upon  it ; 
and  as  it  becomes  absorbed  into  the  general  body  of  the  land,  the  traces  of  its 
former  occupation  by  the  sea  gradually  fade  away.  In  this  manner  a  new  selvage 
of  land  is  added  to  the  coast-line.  If,  on  the  other  hand,  the  earthquake  has  been 
accompanied  by  a  subsidence  of  the  ground  to  a  lower  level  than  it  formerly  had, 
this  will  be  marked  along  the  maritime  districts  by  an  encroachment  of  the  sea. 
The  waves  are  then  found  breaking  over  ploughed  fields ;  trees,  roads,  houses  are 
submeiiged ;  villages  and  towns  are  inundated,  and  their  inhabitants  compelled  to 
build  anew  within  the  narrowed  limits  of  the  land.* 

Difitribntion  of  Earthquakes — ^Although  earthquakes  occor  in 
regions  far  removed  from  any  volcanoes,  they  are  yet  most  abundant  in 
volcanic  districts,  where  they  precede  or  accompany  volcanic  eruptions 
in  such  a  way  as  to  indicate  that  between  the  two  forms  of  subterranean 
commotion  there  is  a  close  connection.  If  the  student  will  consult  a 
good  map  of  the  distribution  of  earthquakes  and  volcanoes  over  the 
globe  (such  as  that  in  Keith  Johnston's  Physical  Atlas,  Plate  x.),  he  will 
see  this  connection  brought  out  very  clearly.  From  the  Azores  east- 
wards along  the  Mediterranean  and  far  into  Central  Asia,  he  will  per- 
ceive that  there  stretches  a  broad  band  of  the  earth's  surface,  partly 
land  and  partly  large  inland  seas,  subject  to  frequent  shocks  of  earth- 
quake. In  this  band  he  will  notice  that  there  occurs  a  long  broken  line 
of  volcanic  foci  From  the  volcanoes  of  the  Azores  and  Canary  Islands 
we  pass  on  to  Vesuvius  and  Etna,  then  by  those  of  the  Greek  Islands, 
and  the  extinct  craters  of  Syria,  to  the  yet  active  volcanoes  of  the 
Caspian  and  the  Thian  Shan  mountains.  In  like  manner  the  whole  of 
the  western  sea-board  of  the  American  continent  is  subject  to  earth- 
quakes, sometimes  of  great  severity,  and,  on  looking  at  the  map,  we 
observe  that  this  region  is  thickly  set  with  volcanoes  along  the  great 
mountain-chain  from  Patagonia  northwards  into  Mexico. 

*  "nte  above  sammary  of  the  effects  of  earthquakes  is  taken,  with  some  slight  alterations 
and  additions,  from  a  paper  on  Earthqoakes  and  Volcanoes,  written  by  the  present  Editor  for 
Chambers's  MiaeeUany  o/TraeU,  1870,  to  which  the  stndent  may  be  referred  for  Airtber  general 
intomstton  on  the  sabject 
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Extent  of  Ground  affected  by  an  Earthquake. — The  ana 

over  which  the  shock  of  a  single  earthquake  may  be  felt  yaiiee  in- 
definitely. With  such  feeble  earthquakes  as  those  of  which  a  nmnber 
occur  every  year  in  the  British  iBlands,  the  tremor  does  not  extend 
beyond  the  limits  of  one  or  two  counties.  But  when  the  shock  is  one 
of  full  intensity,  it  may  be  felt  over  a  space  of  many  thousand  square 
miles.  During  the  great  Lisbon  earthquake  of  1755,  for  instance,  tibe 
effects  of  the  earth-wave  were  felt  over  nearly  the  whole  of  Europe  ; 
from  Iceland  to  the  north  of  Africa  houses  trembled,  lakes,  canals,  and 
ponds  were  agitated.  The  sea  rose  in  a  great  wave  round  the  coasts  of 
Britain,  and  the  same  wave  rolled  westwards  and  broke  in  great  fuiy 
over  the  islands  of  the  Antilles.  Even  the  waters  of  Lake  Ontario 
were  disturbed.  In  August  1868,  an  earthquake  threw  down  the  towns 
and  cities  of  Peru  and  Ecuador  over  a  strip  of  country  two  thousand 
miles  long,  extending  from  the  coast-line  up  into  the  chain  of  the 
Andes.* 

:  '  *  The  stadent  wlio  would  parsae  this  tabjeot  wUl  find  the  woikof  Yon  HolT and  thoeeof 
Mr.  HftUet  already  cited  hie  mo«t  oneftal  authorities.  He  should  also  study  a  map  of  the 
distribntion  of  earthquakes^  sudi  as  that  in  JohmMo%*t  PAyriooI  AtiUu,  or  in  Mr.  Soropa'i 
work  on  Folocmoet. 


CHAPTER  XIX. 

VOLOANOBS  AND  YOLCANIO  AOTIOK. 

Strootnre  of  a  Volcano.* — ^A  yolcano  is  a  more  or  less  conical  hill 
or  mountaiiiy  composed  entirely,  or  nearly  so,  of  materials  which  have 
been  ejected  from  beneath  the  surface  throTigh  one  or  more  pipes  or 
fihafts  communicating  with  a  highly-heated  portion  of  the  earth's  crust 
It  has  a  truncated  summit,  on  which  lies  a  basin-shaped  cavity,  known 
98  the  crater,  at  the  bottom  of  which  is  the  mouth  or  opening  of  the 
orifice  up  which  the  subterranean  materials  are  erupted.  These 
materials  consist — Ist,  of  aeriform  discharges,  as  gas  and  vapours, 
particularly  steam  ;  2d,  of  dust,  stones,  and  large  blocks  of  rock  ;  3d, 
of  molten  rock  or  lava.  An  active  volcano  is  one  from  which  some  one 
or  other  of  these  three  forms  of  discharge  is  always  being  given  oE 
An  extinct  volcano  is  one  from  which  the  discharges  have  ceased.  In 
a  volcano  which  is  known  to  be  active,  however,  the  discharge  may 
sometimes  be  very  feeble,  consisting  perhaps  merely  of  an  occasional 
emission  of  steam,  while  from  a  volcano  which  has  been  extinct  during 
the  whole  of  human  history,  quantities  of  carbonic  acid  gas  or  heated 
water  may  still  be  given  oft 

The  conical  form  of  a  volcano  arises  from  the  piling  up  of  the  solid 
materials  round  the  orifice  from  which  they  are  discha^ed.  The  loose 
dust  or  ^  ashes,"  and  "  lapilli  **  or  stones,  on  their  ejection  into  the  air, 
fall  partly  back  into  the  shaft,  but  chiefly  round  its  margin.  Hence,  as 
the  eruptions  continue,  the  hill  grows  in  height  and  diameter.  Streams 
of  "  lava  "  or  molten  rock  flow  £rom  the  lips  of  the  crater,  over  the  sides 
of  the  cone,  or  escape  through  some  weaker  part  of  the  sides  or  base  of 
the  hill,  and  descend  in  streams  or  ''  coul^  "  into  the  valleys  or  level 
countiy  below.  Hence  a  section  of  a  typical  volcanic  cone  would  show 
a  central  pipe  or  shaft,  from  which  numerous  irr^pilar  lenticular  beds 
of  ^  tuff"  (that  is,  solidified  ^^  ash  ")  and  lava  dip  away  outwards,  their 

*  For  ftin  detaOf  on  the  mit^Mt  of  this  chapter  the  student  win  do  well  to  conenlt  the 
iMtnieUfe  woric  of  Mr.  Scrope  on  Voloanom  (second  edit»  1863)»  and  I>r.  Danbeny's  work 
on  the  same  snli()eet.  The  former  takes  np  chiefly  the  geological  aspect  of  Toloanio  action  ; 
the  latter  deals  hugely  with  the  chemical  aspect  Much  information  may  also  be  obtained 
tnm  Mr.  Darwin's  Votomnie  I»land$  and  Souik  Amtriea,  the  papers  and  works  of  Sir  0.  Lyell« 
Walteishansen's  work  on  Etna,  and  fh>m  the  works  of  snch  travellers  as  Humboldt,  Von 
Bach,  Dana»  and  many  others. 
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inclinatian  next  the  crater  being  as  high  as  30°,  and  lenening  towarii 
the  lower  ground,  till  itpaaaesintohorizontalitj.  There  is  also  an  incli- 
nation inwards  lound  the  walls  of  the  cmter,  owing  to  the  loose  materials 
rolling  back  again  down  the  inner  slope  of  the  crater  (see  Fig.  130).* 

When  the  original  conical  pile  acquires  any  size,  lateisl  orifices  oi 
ciatera  are  formed  abont  its  flanks,  and  produce  little  secooduj 
coneg,  which  often,  aa  -in  Etna,  stud  all  the  aides  of  the  main 
mountain  with  minor  hills  ;  many  of  these  doubtless  become  buried  aa 
the  process  goes  on,  either  nnder  beds  of  tuff  or  streams  of  lava,  u 
that,  if  we  could  take  such  a  cone  to  pieces,  and  demonstrate  each  step  in 
its  formation,  it  would  be  found  to  have  been  a  very  long  and  complicated 
procesa.  Sometimes  a  row  of  cones  is  formed  along  a  certain  line  of 
country,  without  any  central  dominant  one  ;  sometimes  two  or  moK 
neighbouring  cones  grow  to  nearly  equal  size,  and  sometimes  one  of  these 
ia  buried  under  the  aecnmulatiDnB  of  the  other,  which  either  temponril; 
or  permanently  assumes  the  superiority. 


Fig.  130  may  be  taken  as  a  rough  diagrammatic  idee  of  the  mode  of 
formation  of  volcanic  cones  and  ctatere,  the  parts  crossed  by  Terticsl 
lines  representing  the  Uva-flows,  and  the  other  lines  the  accumulation 
of  beds  of  aah,  including  under  that  term  all  other  ejected  matters. 
In  reality,  the  structure  will  almost  always  be  mncb  more  complicated, 
the  minor  cones  and  lateral  venta  being  greatly  more  numerous,  and 
the  whole  ti&versed  in  all  diiections  by  ramifying  dykea  and  veins  of 
lava,  with  lateral  pipes  for  some  of  the  lateral  cones  branching  &om  tba 
main  vertical  funnels. 

"Volotaiia  FroductB. — These  have  been  just  referred  to  as  of  three 
kinds — gaseous,  solid,  and  liquid. 

1.  Oaaes  and  Steam. — Carbonic  acid  gaa,  sulphuretted   hydrogen, 

*  It  i»  not  meemxj  to  do  i 
Tan  Bash,  ud  oUwn,  tli 

tHD»tb  th«  fwoi  of  rmpaon,  ind  not  to  ttie  gndiul  ueretleii  or  miterui  ramul  tnc  pmi 
of  emiulon.  Tbs  itudent  wUI  Bnd  thi*  theory  unplr  dliproied  bj  Mr.  Bcropo  (FtlcMBi 
Id  Bdit ;  Foteawm  BfCe<Urat  Fnstux ;  ud  p»p«r«  In  Qtart.  Joun.  Onl.  Sot,  idL  IM^  ud  n. 
MS) ;  ud  by  Blr  Ch»rlo»  Ljall  (PhO.  Trani.,  tlivlii.  p«rt  i,  tad  Prtecfpte  tf  Gtoltn,  ml  L 
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nitrogen,  hydrogen,  and  hydrochloric  acid  gas,  have  been  found  to  rise 
from  acHye  volcanoes.*  But  the  most  frequent  and  abundant  of  the 
aeriform  discharges  are  those  of  steam.  In  all  eruptions,  whether  of 
ashes  or  of  lava,  steam  rises  in  enormous  quantities,  and  being  con- 
densed into  clouds,  falls  to  the  earth  as  rain.  It  is  likewise  given  off 
from  lava-currents  to  such  an  extent  that  Mr.  Scrope  has  even  main- 
tained that  fluid  lava  owes  its  mobility  to  the  presence  of  water,  or  the 
vapour  of  water,  in  the  minute  interstices  between  the  crystals. 

2.  Ashes  and  Stones. — The  explosions  of  an  active  volcano  are 
powerful  enough  to  biurst  open  any  lava  which  may  have  partially 
solidified  in  the  vent,  to  eject  its  fra^ents  to  a  great  height  in  the  air, 
and,  by  constant  ejection  and  trituration  of  the  broken  materials,  to 
produce  an  enormous  amount  of  fine  dust  or  "  ash.''  This  fragmentary 
material  necessarily  varies  greatly  in  composition  and  texture  (see  Chap. 
Y.  p.  105).  Where  the  lava  in  the  pipe  beneath  has  been  trachyte, 
the  ash  gives  rise  to  a  trachyte-tuff ;  where  it  has  been  pyroxenic,  a 
pyroxenic-tuff  or  peperino  is  produced.  Sometimes  the  tuff  is  made 
up  of  the  finest,  almost  impalpable  powder,  and  from  this  texture  there 
id  every  gradation,  up  to  a  coarse  breccia  or  agglomerate.  When  the 
fine  volcanic  dust  is  ejected  to  a  great  height,  it  occasionally  comes 
into  the  track  of  an  upper  current  of  air,  and  may  be  borne  to  distances 
of  800  miles  before  falling  to  the  earth.  Thus,  showers  of  ash  now 
and  then  descend  pretty  thickly  upon  parts  of  the  Shetland  and 
Orkney  Islands  during  an  eruption  of  one  of  the  Icelandic  volcanoes. 
When  the  loose  ejections  of  a  volcano  fall  on  the  sides  of  the  cone,  they 
assume  a  stratified  arrangement,  in  irr^ular  lenticular  beds,  dipping 
away  from  the  crater.  This  is  the  case  even  when  they  fall  loosely, 
bat  when,  as  often  happens,  the  plentiful  discharge  of  steam  gives  rise 
to  torrents  of  rain,  the  loose  ash  becomes  mingled  with  the  water,  and 
forms  a  kind  of  volcanic  mud,  which  may  be  as  destructive  to  vine- 
fards  and  houses  as  molten  lava. 

8.  IiavB. — Under  this  term  may  be  included  all  the  products  of  a 
roleano  which  are  ejected  in  a  molten  state.  The  mineralogical  dis- 
inctions  of  these  rocks  have  already  been  given  (p.  100  et  seq)  A 
torrent  of  lava,  or  coulee,  may  issue  either  from  the  lowest  part  of  the 
(dge  of  the  crater,  or  from  some  lateral  orifice  of  the  volcano.  It  may 
^ary  in  size  ^m  a  mere  rill,  which  does  not  reach  the  base  of  the 
entral  cone,  like  the  obsidian  coulee  on  the  north  side  of  the  Island 
>f  Volcano,  to  a  vast  flood  of  molten  rock,  spreading,  as  in  the  case  of 
he  Skaptdr  Jokul  in  1783,  45  miles  in  one  direction,  and  50  miles  in 
nother,  with  a  breadth  of  from  7  to  15  miles,  and  a  height  of  from 
00  to  aa  much  as  600  feet 

The  upper  surface  of  a  lava  stream,  cooled  in  the  open  air,  is  usuaUy 
*  See  Danbeny,  Op,  eU,,  and  BisohoTs  ChnUeal  Gtolofnf. 
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a  masa  of  looae  slags  and  cinders,  like  the  "  clinkera "  of  an  iron' 
foundry.  Where  the  Btieant  fiist  iraues  from  the  earth,  it  aeems  per- 
fectly fluid,  and  glows  with  an  intense  white  light  and  heat.  It  then 
moTes  somewhat  rapidly.  But  a  few  yards  fnrther  down  it  h^ini  to 
darken,  and  asmune  a  rough  (Jaggy  crust,  under  which  the  red-hot  l>Ta 
continues  to  move  onwards.  Its  further  eitremity  is  a  alowly-moriiig 
mass  of  loose  porous  blocks,  rolling  over  each  o^ier  with  a  hanh  sound, 
like  the  grating  rattle  of  iron  slags. 

All  rock  ia  a  bad  conduQtor  of  heat,  so  that,  when  once  a  lava 
stream  acquires  a  cooled  crost,  the  mass  within  may  remain  glowing 
hot  for  a  considerable  time.  It  is  possible  to  walk  abont  on  the  cooled 
sui£tce  of  a  lava  stream,  and  yet  to  roast  e^  or  light  cigsis  in  the 
crericea  of  tlie  mist  A  lava  stream  may  retain,  even  for  ten  years  or 
more,  safGcient  heat  to  give  off  steam,  and  to  make  it  impossible  to 
hold  the  hand  in  some  of  the  crevices.  Caverns  ere  sometimes  formed 
in  lava  streams  by  the  sudden  escape  of  the  molten  mam  below,  leaving 
the  cooled  crust  standing  like  the  roof  of  a  tnuueL  In  a  mass,  there- 
fore, which  cooled  thns 
'  slowly  in  the   interior 

and  rapidly  oataide,  the 
upper  snrlac«  may  be 
I  l>gl>t,  porous,  and  cin- 

dery,  the  lower  nu&ce 
somewhat  nmilar,  and 
the  centralportion  eohd, 
compsMt,  or  ciyitalline. 
As  a  matter  of  EkC, 
wherever  old  lava 
streams  Lare  beoi  col 
into,  either  natnikUy  or 
artificially,  we  find  the 
veacnlar  cluuacter  d 
the  npper  sor&ee  gra- 
dually but  rapidly  dis- 
appearing below,  anl 
the  rock  paasiiig  into  • 
hard,  compact  stuie^ 
^ifi- 1^-  often     coluDn^,    and 

'*^  frequently  qnile  ajt- 


NsplM. 

a.  Sli«r  nppn  nirfua,  »  to  !  feet  thiak;  fc  wonpMt  "*'"'"*    ,         ...  , 

0«iinipoitioD,>KnT«iiDiuUn,iritbMcu«uidDUTtiH,         ln  descnbing  w 

trma  S  to  It  or  M  fMt  tblck  ;  e.  ilaggr  lowsr  aorfUa,  1  to  ■  stmcture  of  a  sheet  el 
fHt;  d.mworndurtii-uicildsoll;LuidmttalL  contempoianeoM   tnp,  \ 

we  pointed  out  the  fact  that  its  i^per  and  lowei  Borfaoe  are  very  eon- 
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monly  scoiiform,  and  that,  in  this  respect,  it  closely  resembled  a  modem 
lava  (see  p.  273).  In  illustration  of  this  resemblance,  or  rather,  indeed, 
identity  of  structure,  the  foregoing  figure  (Fig.  131)  is  given.  It  was 
sketched  by  the  editor  on  the  coast  of  the  Bay  of  Naples,  where  one  of 
the  lavas  of  Vesuvius  has  come  down  to  the  sea.  The  lava  is  eight  or 
ten  to  fifteen  or  twenty  feet  thick,  and  shows  most  admirably  the  scori- 
aceons  upper  and  under  surface  (amounting  in  each  case  to  a  thickness 
of  from  one  to  three  feet),  and  the  central  solid  compact  portion. 

The  amount  of  fluid  lava  ejected  during  some  modern  eruptions  is 
very  noteworthy.  An  excellent  example  was  afforded  during  the  well- 
known  eruption  of  Skapt^  Jokul  already  cited,  in  which  floods  of  lava 
wholly  obliterated  some  valleys,  filling  up  gorges  600  feet  deep  and 
200  feet  wide,  spreading  over  plains  15  miles  wide  with  floods  100 
feet  deep,  the  terminations  of  some  of  the  lava  streams  being  00 
miles  apart.  Had  this  eruption  taken  place  in  the  south  of  England, 
all  the  hills  from  the  neighbourhood  of  London  to  that  of  Qloucester 
might  have  been  capped  by  great  plateaux  of  basalt,  from  100  to  600 
or  600  feet  thick.* 

Anoctaticn  of  Siliceous  and  Basic  Lavojs. — In  many  volcanic  regions 
there  appears  to  be  an  alternation,  or  to  have  been  a  succession,  in  the 
different  products  ;  the  lavas  being  at  one  time  trachyte,  and  at 
another  dolerite.  It  was  formerly  supposed  that  the  trachyte  was 
always  the  lower  or  the  older  of  the  two,  and  that  flows  of  trachyte 
were  never  found  above  flows  of  basalt  or  dolerite.  Lyell,  however, 
has  shown  that  some  of  the  newest  lavas  in  Madeira  are  trachytic, 
while  they  cover  others  consisting  of  doleritic  compounds.  Bimsen,  in 
a  paper  formerly  cited,  in  speaking  of  the  trachytic  and  augitic  lavas  of 
Icelcmd,  refers  their  origin  to  two  separate  volcanic  foci,  and  even 
speaks  of  a  third  separate  volcanic  focus  for  the  intermediate  lavas, 
though  he  also  speaks  favourably  in  another  place  of  all  the  volcanic 
rocks  arising  from  one  mass.  Durocher,  too,  in  his  essay  on  Com- 
parative Petrology,  referred  the  two  classes  of  igneous  rocks  of  all 
kinds — ^namely,  the  siliceous  and  the  basic — to  the  existence  of  two 
separate  ^^ magmas"  below  the  crust  of  the  earth,  the  siliceous  or 
lighter  floating  over  the  basic  or  heavier,  and  ejection  taking  place  from 
one  or  the  other,  according  to  the  strength  of  the  impelling  force  ;  the 
ejection  of  the  lighter  therefore  generally  preceding  that  of  the 
heavier. 

The  identity  or  very  great  similarity  of  the  various  volcanic  pro- 
ducts in  all  pcuts  of  the  world,  seems  to  point  to  a  common  origin  for 
thenL  The  frequent  association  in  all  parts  of  the  earth  of  the  two 
great  classes  of  these  products,  the  trachytic  and  doleritic,  seems  to 
show  that  their  difference  is  not  so  much  due  to  diversity  of  origin,  as 

*  See  Lyell,  PHndpIet  ci^O0o2(Vy,  vol.  it.  p.  62. 
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to  Bome  canfte  tending  to  segregate  the  one  from  the  other,  ont  of  i 
generally  difFused  moss.  The  iiMiociBtioQ  of  fetatonefl  and  greenftiwet 
among  the  traps  BeemH  to  be  reproduced  in  that  of  tncbfte  and  dcil«nU 
among  the  lavas. 

Dyia  and  Vein*  of  Laoa. — As  the  trap-rocks  abound  with  dfku 
and  veiDB  which  seem  to  be  eometimea  the  mere  eitensiona  of  ihe 
mass  below  into  the  crevices  of  the  rocks  above  or  aroand  it,  some- 
times apparently  the  feeders  of  still  higher  overlying  masees,  so 
volcanoes  are  penetrated  in  every  direction  by  dykes  and  veins  of  coiri' 
pact  lava,  serving  often  to  bind  together  or  to  support  the  otherwiK 
incoherent  materials.  We  must  be  aware,  althongh  we  cannot  see  it, 
that  every  lava  stream  had  ita  central  pipe  or  feeder  in  the  interior  cf 
the  mass  from  which  it  proceeds.  It  b  probable  that,  both  in  the  txt 
of  tnps  and  lavas,  the  size  of  the  feeders  often  bears  but  a  small  pro- 
portion to  the  mass  of  the  overlying  rocks  that  proceeded  from  them. 

-  It  is  not  absolutely  neceeeary,  in  the  case  of  lavas,  any  more  thin 
in  that  of  traps,  that  the  flow  of  lava  and  the  central  pipe  or  feeil^r 
should  remain  in  connection  ;  for,  when  the  lava  ceased  to  be  impelti-! 
so  as  to  flow  over  the  crater,  the  portion  left  in  the  funnel  would  sint 
down,  and  perhaps  ultimately  consolidate  at  a  considerable  distaiw 
below,  and  poseibly  form  there  &  rock  considerably  differing  in  teitnre 
bora  the  erupted  lava,  or  the  connection  might  be  severed  by  the 
successive  explosions  of  the  volcauo,  or  by  subsequent  denudation. 


Sketch  of  tbc  eUn  tttt  CiUieU. 

Numerons  dykes  traverse  the  sides  of  the  great  valley  scooped  m^ 
of  one  side  of  Etna,  called  the  Val  del  Bove,  and  instances  are  figm« 
by  WaltershauBen,*  of  veins  of  lava  traversing  beds  of  tuff,  both  nAt- 
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caUj  and  horizontally^  the  latter  often  splitting  into  bifurcations  among 
the  tuffs.  Eveiy  volcanic  district,  which  has  been  laid  open  by  denuda- 
tion, exhibits  similar  facts.  The  cliffs,  for  instance,  along  the  south 
coast  of  Madeira,  west  of  Funchal,  expose  numerous  dykes  traversing 
the  beds  of  tuff  exposed  therein.*  Fig.  132  exhibits  in  one  cliff  por- 
tions of  beds  of  lava,  some  of  them  columnar,  interstratified  with 
tabular  laminated  beds,  against  the  denuded  edges  of  which  pale  cream- 
coloured  beds  have  been  deposited  in  an  inclined  position,  as  shown  in 
the  left-hand  comer  of  the  sketch,  with  two  grey  dykes  cutting  across 
these  beds.     In  Fig.  133,  several  veins  or  dykes  of  a  hard  grey  lava 


Fig.  iss. 
From  a  Bketoh  a  few  miles  west  of  Fimchal  Point. 

cut  through  rudely  stratified  coarse  tuff  of  a  dull  red  colour,  some  of 
the  dykes  being  also  cut  by  similar  ones  of  more  recent  date. 

Szamples  of  Voloaiioe8.f — ^The  old  volcanic  islands  of  Madeira  and  St. 
Helena  have  had  their  cones  obliterated  by  atmospheric  erosion,  and  have  been 
deeply  cut  into  by  the  sea,  so  as  to  be  girdled  with  lofty  yertical  clifOs  along  most 
of  their  sea-board. 

FeaJe  of  Teneriffe. — ^When  I  paid  a  hasty  visit  to  the  summit  of  the  Peak  of 
Teneriffe  with  Captain  Blackwood  and  some  of  the  officers  of  H.M.S.  "  Fly,"  in 
May  1842,  and  after  ascending  the  mountain  to  the  height  of  about  9000  feet, 
rode  across  the  plateau  called  the  "  Pumice  Plains,"  towards  the  summit  cone 
which  rises  firom  one  comer  of  them,  I  was  struck  by  the  aspect  of  the  circle  of 
broken  precipices  surrounding  the  plateau.  The  ravines  which  cut  through  that 
surrounding  wall  show  the  outer  slope  of  the  rude  beds  composing  it,  and  the  note 
I  find  in  my  joomal  respecting  them  is  the  following  : — "  This  plain  is  bounded 
in  some  places  by  an  entire  wall  of  rock,  in  others  by  broken  and  craggy  hill,  as 
\£  it  had  once  been  the  interior  of  some  enormous  cone,  of  which  these  were  only 
the  ruined  firagments."    On  subsequently  reading  Von  Buch's  account  of  the 

*  Figures  183  and  183  were  sketched  by  Hr.  Jukes  fh>m  the  d«ck  of  H.M. &  **  Fly,"  when 
sailing  close  in  along  tUs  coast,  in  April  184S. 

t  Written  by  Mr.  Jakes,  from  his  own  observations  among  the  volcanic  islands  of  the 
Atlsmttfi  and  Indian  Oceans,  and  some  of  those  of  the  Bastem  Archipelago. 
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Canaiy  Islands,  I  was  greatly  surprised  to  find  that  he  supposed  thb  circular 
wall,  with  its  outward  sloping  beds,  to  have  acquired  its  height  and  poedtiosi  frooi 
a  central  action  of  elevation  subsequent  to  the  deposition  of  the  beds.  So  far  ai 
I  had  observed,  there  was  no  warrant  for  such  a  supposition.  It  was  dear,  in- 
deed, that  the  whole  island  had  been  elevated  since  the  volcanic  action  had 
commenced,  because  I  had  seen  in  the  sides  of  a  ravine  near  Santa  Crui,  harixon- 
tally  and  regularly  stratified  beds  of  volcanic  sand  and  pebbles,  that  seemed 
cerUinly  to  have  been  arranged  under  water ;  *  but  then  these  beds  remained 
horizontal,  proving  the  elevation  to  have  been  a  general  one,  lifting  the  whole 
mass  vertically,  without  tilting  the  beds  in  any  direction. 

Island  of  St.  PauL — We  subsequently  visited  the  little  volcanic  ialand  of 
St.  Paul's,  in  the  centre  of  the  South  Indian  Ocean,  of  which  a  chart,  coDstmcted 
by  Staff-Commander  Evans,  was  afterwards  published  by  the  Admiralty.  This 
island  is  three  or  four  miles  across,  with  a  flat-topped  curved  ridge,  820  feet 
high,  nearly  surrounding  a  circular  crater,  into  which  the  sea  now  flows  from 
one  side,  and  which,  at  the  sea-level,  is  almost  half-a-mile  in  diameter.  From 
the  summit  of  the  circular  ridge  the  island  slopes  gently  down  towards  the  sea 
on  all  sides,  except  the  east,  where  thei-e  are  vertical  cli£EB  formed  by  the  sn 
having  cut  into  the  centre  of  the  original  island,  so  as  to  gain  access  to  the 
crater.  On  the  south  side  of  the  entrance,  the  wall  bounding  the  cr&ter  was 
excessively  thin,  vertical  on  the  outside,  and  sloping  steeply  on  the  inside,  so 
that  it  must  shortly  be  removed  entirely,  and  all  tiiat  side  of  the  crater  laid 
open  to  the  sea.  The  entrance  was  not  more  than  100  yards  wide,  and  only 
just  deep  enough  for  a  boat,  but  inside  there  was  a  depth  of  80  SaUioms  in  the 
centre  of  the  crater,  with  a  bottom  of  black  mud.  This  funnel-shaped  pool  was 
surrounded  on  all  sides  but  one  by  the  ring  of  high  land  before  mentiGaied,  the 
inside  slope  of  which  was  precipitous  near  the  top,  but  had  a  steep  talus  of  mbbish 
clothed  with  ooarse  grass  below.  At  several  parts  of  its  beach,  hot  smoking 
water  trickled  through  the  stones,  having  at  one  place  a  temperature  of  138^  F., 
and  at  another,  one  of  150°  F.,  while  the  temperature  of  the  water  in  ihe  crats, 
both  at  the  surface  and  at  the  bottom,  was  precisely  that  of  the  sea  outside, 
namely  54'  F.  (This  was  on  August  5th,  1842.)  A  bank  of  soundings  stretc^ied 
off  the  entrance  to  the  crater,  on  the  eastern  side  of  the  island,  for  a  distance  of 
nearly  a  mile,  and  a  tall  detached  pinnacle  of  rock  rose  from  this  near  Hat 
entrance  to  the  crater.  This  bank  was  evidently  the  base  from  which  the  rocks 
that  once  surrounded  the  crater  had  been  removed,  by  the  sea  cutting  into  them, 
all  except  the  pinnacle  above  mentioned.  The  island  seemed  whoUy  composed 
of  dark  lava,  interstratified  with  beds  of  sand,  ashes,  and  blocks,  varying  from 
black  to  red  and  cream-coloured.  They  dipped  but  slightly  outwards^  and  at 
one  part  seemed  to  dip  inwards  or  towards  the  crater. 

Another  volcanic  island,  called  Amsterdam,  rises  some  sixty  miles  to  the  north 
of  St  Paul's,  these  being  the  only  spots  of  land  in  these  latitudes  between 
Africa  and  Australia. 

Crater  of  the  Bromo, — In  November  1844  I  had  an  opportunity  of  visitisg 
the  crater  of  the  Bromo,  in  Java.  This  is  in  the  centre  of  a  rugged  and  rather 
narrow  plateau,  called  the  Teng'lr,  rising  in  some  parts  to  upwards  of  8000  feet 
above  the  sea,  and  stretching  in  a  curved  line  between  the  noble  cones  ci  the 
Semiru  and  Aijuno,  so  as  to  include  the  beautiful  valley  of  Malang  in  a  aeso- 
circular  sweep.  This  mountain  mass  is  all  volcanic,  its  external  parts  consistiBg 
chiefly  of  fine-grained  dust  and  ashes,  enclosing,  however,  solid  crystalline  lava 
below.  Its  sides  are  furrowed  in  every  direction  by  ravines  with  narrow  ridges 
between  them,  the  whole  clothed  with  magnificent  forests  ;  tall  pine -like 
casuarinas  cresting  the  ridges  up  to  a  height  of  6000  or  7000  feet. 

*  See  Plate  xii.  in  Popuiar  Phyaioal  Geologf. 
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On  the  central  and  moet  massive  part  of  this  plateau  is  a  crater  four  or  five 
mfles  wide,  surrounded  by  a  ring  of  precipices  varying  from  200  to  1200  feet 
high.  In  the  centre  of  this  great  crater  rises  a  cluster  of  minor  cones,  some  of 
the  craters  of  which  are  continually  belching  out  smoke  and  steam,  and  sometimes 
ashes  and  hot  stones.  This  cluster  of  cones  forms  a  conical  hill,  rising  in  the 
centre  of  the  old  crater.  The  space  between  it  and  the  foot  of  the  surrounding 
precipitous  wall  is  often  more  than  a  mile  in  width,  and  is  covered  with  fine  sand, 
ind  known  by  the  name  of  the  "  Laut  pasir  "  or  sandy  sea.  The  surrounding  wall 
seemed  quite  unbroken,  for  we  had  to  ride  round  the  summit  of  one  side  of  it 
by  a  narrow  and  giddy  path,  in  order  to  take  advantage  of  a  sort  of  buttress-like 
nidge,  apparently  made  of  fallen  fragments,  to  gain  access  to  the  interior,  and  on 
the  other  side  the  path  at  two  places  led  by  sharp  ziz-zags  up  the  side  of  the  pre- 
cipice. These  paths  seemed  to  be  the  only  modes  of  communication  between  the 
villages  on  the  outside  of  the  mountains,  some  of  which  are  places  of  great  resort 
Beds  of  hard  trachytic,  sometimes  porphyritic,  lava  were  visible  in  the  face  of 
the  surrounding  precipice,  which,  though  they  looked  horizontal  when  viewed 
from  the  interior,  probably  dipped  outside  down  the  mountain.  It  seemed  to 
me  perfectly  impossible  that  such  a  crater  as  the  one  I  have  here  described 
could  be  formed  by  an  action  of  central  elevation.  On  the  other  hand,  looking 
tt  the  grand  cone  of  Semiru,  which  rose  a  few  miles  to  the  south-west,  it  was 
obvious  that  it  only  required  the  upper  3000  feet  of  that  lofty  pile  to  be  removed, 
— either  blown  into  the  air  or  undermined  and  engulphed  in  the  central  cavity  of 
the  mountain,  for  an  exact  repetition  of  the  Bromo  to  be  produced. 

One  thing  struck  me  particularly  in  this  central  conical  group  of  confluent 
cones,  which  was,  that  the  one  in  action  was  perfectly  smooth  and  regular  outside, 
hke  a  loaf  of  sugar,  while  those  that  had  shortly  ceased  to  eject  materials  showed 
the  irresistible  progress  of  denudation  in  the  commencement  of  rain-gullies 
radiating  down  their  slopes.  Those  that  were  still  older,  as  proved  by  young 
trees  having  commenced  to  grow  on  their  flanks,  had  these  gullies  much  deeper 
and  broader,  so  that  they  b^an  to  show  narrow  ridges,  separated  by  small  ravines 
radiating  from  the  summit,  like  the  ribe  of  a  half-opened  umbrella,  as  described 
by  Junghun  when  speaking  of  the  outer  slopes  of  the  greater  mountains. 

Aotive,  Dormant,  and  Extinct  Volcanoes. — In  the  history  of  all 

large  active  volcanoes  there  occur  periods,  of  greater  or  less  duration, 

and  of  more  or  less  frequency,  in  which  the  activity  ceases.     The 

volcano  may  be  said  to  be  dormant  during  those  periods.     When  the 

activity  has  altogether  ceased  the  volcano  is  said  to  be  extinct.     It  is, 

however,  not  veiy  easy  to  decide  upon  the  entire  extinction  of  volcanic 

activity  at  any  place.     Vesuvius  was  evidently  dormant  during  all 

Roman  history,  down  to  aj>.  79.     The  Monte  Somma  is  part  of  the 

ruined  wall  of  the  original  crater,  which  must  thus  have  been  dormant 

for  at  least  600  or  700  years,  and  perhaps  much  longer.*     It  has  been 

active  ever  since,  with  greater  or  less  intervals,  two  of  the  greater 

amounting  to  130  and  167  years.     But,  at  a  distance  of  120  miles,  in 

the  centre  of  Italy,  rises  Mount  Vultur,  a  volcanic  cone,  with  its  crater 

now  a  lake,t  and  some  gaseous  exhalations  still  proceeding  from  it. 

This  volcano  seems  to  have  been  much  as  it  is  now  when  it  was  the 

haunt  of  Horace  in  his  youth,  and  there  is  no  tradition  of  any  eruption 

from  it     Is  it  really  an  extinct  volcano,  or  only  dormant  ? 

*  See  Daubeny's  Folamoei,  2d  edition,  p.  215,  etc.  t  Daubeny,  p.  185,  etc 
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To  come  a  little  nearer  home,  we  lia^e  in  the  Pny  de  Ddme  district 
of  central  France  groups  of  volcanic  cones  and  craters,  with  streams  of 
lava  still  uncovered,  rough  and  scoriaceous,  some  of  these  running  near 
the  bottom  of  existing  valleys,  others  cut  through  by  these  valleys  and 
left  at  various  heights,  which  show  the  different  depths  to  which  the 
valleys  had  been  cut  while  the  volcanic  eniptions  were  going  on.  *  Recent 
as  some  of  these  volcanic  cones  and  lava  streams  appear,  we  can  hardly 
look  upon  the  volcanoes  as  other  than  extinct,  and  as  having  been  so 
even  in  the  time  of  Cessar,  and  probably  long  before.  But  in  this  same 
region  there  are  volcanic  mountains  of  a  much  more  ancient  date,  such 
as  the  Mont  Dor  and  the  Cantal,  the  lava  streams  from  which  now  fonn 
plateaux  on  the  summits  of  the  hills,  while  their  craters  have  loi^  dis- 
appeared, and  only  the  basal  ruins  of  their  cones  remain.  These  must 
have  been  extinct  before  those  of  the  Puy  de  Ddme  chain  commenced 
activity,  yet  the  fact  that  the  latter  broke  out  in  the  neighbourhood  of 
the  Mont  Dor  shows  that  the  volcanic  force  had  been  only  dormant 
there.  These  great  periods  of  quiescence  in  volcanic  activity  give  us 
a  lively  impression  of  the  length  of  time  required  for  the  piling  np  of 
a  great  volcanic  mountain.  When  we  recollect  the  vast  bulk  of  Etna, 
the  summit  of  which  rises  to  a  height  of  10,872  feet  above  the  sea, 
while  its  base  would  spread  over  one  of  our  smaller  counties,  and  that 
it  has  been  accumulated  by  the  slow  ejection  of  ashes  and  out-poniing 
of  lava  streams,  one  of  which,  still  bare  upon  the  surface,  we  know  to 
have  flowed  more  than  2200  years  ago,t  we  can  only  look  .upon  2000 
years  as  but  a  small  portion  of  the  time  which  has  elapsed  since  the 
commencement  of  the  process. 

The  well-known  valley,  called  the  Val  del  Bove,  which  has  been 
scooped  out  on  the  side  of  Etna,  would  take  in  Vesuvius  and  Monte 
Somma,  and  almost  conceal  them  from  sight.  Yet  it  is  quite  possible 
that  the  materials  removed  to  form  the  Val  del  Bove  took  as  long  a 
period  for  their  formation  as  Vesuvius  itself,  in  the  history  of  which 
intervals  of  quiescence,  varying  from  130  to  600  or  700  years  at  least, 
are  known  to  have  occurred.  Yet  in  the  beds  on  which  part  of  Etim, 
rests,  there  are  sea-shells  of  the  same  species  as  those  which  now  inJi^Kit 
the  Mediterranean  ;  and  in  parts  of  Sicily  such  shells  occur  in  rocks  now 
3000  feet  above  the  sea.  The  mode  of  formation  of  the  great  volcanic 
cone,  which  has  been  reared  over  those  buried  remains,  gives  to  still 
existing  species  an  antiquity  of  enormous  duration. 

Geographical  Distribution  of  Volcanoes. — For  an  adequate 
idea  of  the  manner  in  which  active  and  extinct  volcanoes  are  distributed 
over  the  globe,  the  student  will  find  it  best  to  consult  a  special  map, 
such  as  those  of  Mr.  Scrope  and  Dr.  Keith  Johnston,  already  referred 
to.     A  little  examination  of  the  map  will  show  him  that  all  volcanoes 

*  See  Mr.  Poulett  Scrope's  Volcanoes  C(f  Central  France,  2d  edition.         f  Danbeny,  p,  SS2. 
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rise  either  on  islands,  or  on  maritime  parts  of  continents,  or  near  some 
hody  of  inland  water  ;  and  that,  while  tliere  are  isolated  volcanoes  or 
widely  separated  groups  of  volcanoes,  yet  the  general  tendency  is 
towards  a  linear  arrangement.  The  vast  Pacific  Ocean  is  girdled  with 
a  more  or  less  continuous  series  of  volcanoes,  running  from  New  Zealand, 
by  the  Friendly  Islands,  New  Quinea,  the  Sunda  and  Philippine  Isles, 
to  Japan  ;  thence  by  the  Kurile  Isles  to  Kamtchatka,  and  across  through 
the  Aleutian  Islands  to  North  America ;  and  then  southwards  along  the 
western  borders  of  that  continent  to  the  farther  end  of  the  Andes.  In 
the  Atlantic  and  Indian  Ocean  basins,  on  the  other  hand,  the  volcanoes 
are  scattered  at  wide  intervals  over  the  oceanic  area,  and  not  along  its 
margin. 

If  we  take  cognisance  of  the  extinct  volcanoes,  and  of  the  still  older 
contemporaneous  trap-rocks  (which,  as  we  have  seen,  are  ancient  volcanic 
rocks),  we  find  that  there  is  probably  no  great  region  of  the  earth's  surface 
where  volcanic  activity  is  either  not  manifested  now,  or  has  not  been  mani- 
fested at  some  former  period.  So  far  as  geological  evidence  can  guide  us, 
we  have  no  reason  to  believe  that  there  has  ever  been  any  epoch  in  the 
earth's  history  when  volcanic  action  has  not  been  displayed.  The 
areas  of  its  activity  have  constantly  shifted  ;  the  same  region,  after  ages 
of  quiescence,  has  again  been  disturbed,  and  again  has  lapsed  into  qui- 
escence. But  though  it  has  moved  from  place  to  place,  it  has  never 
ceased  to  show  itself.  Nor  does  geological  evidence  lead  us  to  conclude 
that  there  has  been  any  diminution  in  the  activity  of  the  volcanic  forces 
during  the  past  history  of  the  earth.  It  is  quite  true,  as  Sir  William 
Thomson  has  urged,  that  the  total  amount  of  energy  in  the  earth  has 
decreased.  But  we  can  also  well  believe  that  volcanic  eruptions, 
through  the  increased  resistance  of  a  thickened  crust,  may  be  fully  as 
momentous  in  their  effects  now  as  they  were  in  early  geological  times, 
jost  as  (to  use  the  homely  simile  once  employed  by  Sir  William  him- 
self in  a  conversation  with  the  writer)  the  last  spurt  ejected  by  a  boil- 
ing pot  of  porridge,  after  removal  from  the  fire,  may  be  as  large  or  larger 
than  any  that  preceded  it  The  time  must  no  doubt  come  when  vol- 
canic eruptions  will  become  weaker,  until  they  wholly  cease.  This 
mast  happen  whatever  be  the  nature  of  the  internal  changes  whereby 
volcanic  action  is  excited,  whether,  with  Sir  H.  Davy,  we  assume  that 
action  to  be  induced  by  the  oxidation  of  unoxidised  metals,  or,  with 
most  geologists,  by  the  expansive  and  explosive  effects  of  steam,  pro- 
duced by  the  access  of  water  to  still  highly-heated  fluid  portions  of 
the  earth's  interior.  The  secular  diminution  of  the  total  amount  of 
energy  from  which  volcanic  phenomena  arise  makes  it  certain  that 
these  phenomena  will  eventually  die  out  of  the  category  of  active 
geological  causes. 


CHAPTER   XX. 

UNDERGROUND  CHANGES  EFFECTED  UPON  ROCKS. 

In  the  present  chapter  we  shall  direct  the  student's  attention  to  the 
nature  and  cause  of  the  changes  which  are  wrought  upon  rocks  below 
ground  by  those  subterranean  forces,  of  which  we  have  now  studied  the 
superficial  effects,  in  elevation  and  subsidence  of  land,  in  earthquakes, 
and  in  volcanoes.  In  the  section  of  this  Manual  devoted  to  Petrology, 
an  account  has  been  given  of  most  of  the  facts  of  which  we  have  now 
to  consider  the  theoretical  explanation.  The  subject  may  be  conveni- 
ently treated  under  the  following  subdivisions  : — 1.  Expansion  and 
Contraction  of  Rocks.  2.  Foldings,  Contortions,  Fractures,  and  Cleavage 
of  Rocks.     3.  Metamorphism.     4.  Concretions  and  Mineral  Veins. 

1.  Expansion  and  Contraction  of  Hocks. 

That  portions,  at  least,  of  the  earth*s  interior  are  in  a  state  of  in- 
candescence, and  that  other  portions,  if  not  actually  fluid,  must  be 
intensely  hot,  are  facts  of  which  proof  has  been  submitted  in  the  fore- 
going pages.  It  has  been  ascertained  experimentally  that  rocks  expand 
on  being  heated,  and  contract  on  cooling. 

Bischof  has  made  some  important  observations  on  the  contraction 
of  igneous  rocks  as  they  pass  from  a  fluid  or  glassy  state  to  a  consoli- 
dated condition.*  He  experimented  on  basalt,  trachyte,  and  granite,  and 
got  the  following  results  ; — 

Volome  in  the  state  of  glass.  In  crystalline  state. 
Basalt      ...           1  0.9298 

Trachyte  ...  1  0.9214 

Granite    ...  1  0.8420 


Basalt 
Trachyte  . 
Granite     . 

From  this  it  would  appear  that  granite  contracts  25  per  cent,  or  a 
quarter  of  its  volume,  in  passing  from  a  fluid  to  a  crystalline  state, 
and  16  per  cent  in  passing  from  a  glassy  to  a  crystalline  state.     These 

•  D'Archlac,  vol.  lii.  p.  698. 
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effects  must  have  had  a  great  importance  "  when  the  primary  granites 
were  first  cooling/'  says  M.  D'Archiac  ;  but  their  importance  seems 
still  greater  to  geologists  who  are  examining  the  broken  and  contorted 
rocks  on  the  flanks  of  existing  granite  chains,  and  the  phenomena  of 
intrusion  met  with  in  such  situations.  * 

M.  Deville  f  and  M.  Delesse  arrive  at  results  rather  different  from 
Bischof *s,  and  the  latter  gives  the  following  table  as  comprising  the 
limits  within  which  the  several  rocks  mentioned  contract  on  passing 
irom  a  fluid  to  a  solid  state. 

Granite,  leptynites,  quartziferous  porphjrries,  etc.  9  to  10  per  cent. 

Syenitic  granite,  and  syenite      .        .         .         .  8  to  9 
Porphyry,  red,  hrown,  or  green,  with  or  withont 
quartz,  having  a  base  of  orthose,  oligoclase, 

or  andesite 8  to  10 

Diorites  and  porphyritic  diorites  (greenstones)     .  6  to  8 

Melaphyres 5  to  7 

Basalts  and  trachytes  (old  volcanic  rocks)  .         .  8  to  5 

Lavas  (volcanic  and  vitreous  rocks)    .        .         .  0  to  4 

M-  Delesse  sums  up  his  results  as  follows  : —    . 

"  When  rocks  pass  from  a  crystalline  to  a  glassy  state,  they  suffer  a 
diminution  of  density  which,  all  things  being  equal,  appears  to  be 
greater  in  proportion  to  the  quantity  of  silica  and  alkali,  and,  on  the 
contrary,  less  in  proportion  to  that  of  iron,  lime,  and  alumina,  which 
they  contain.  In  arranging  the  rocks  in  the  order  of  their  diminution 
of  density,  those  which  we  regard  as  the  more  ancient  are  generally 
among  the /r«^,  while  the  more  modem  are  the  latter;  and  in  each  case 
their  order  of  diminution  of  density  is  almost  exactly  the  inverse  of 
their  order  of  fusibility."  M.  D*Archiac  remarks  that  if  granite  con- 
tracts on  cooling  only  10  per  cent,  and  that  there  be  a  thickness  of 
40,000  metres  of  it  in  the  crust  of  the  globe,  crystallisation  alone 
would  diminish  the  terrestrial  radius  at  least  1430  metres,  and  conse- 
quently alter  the  form  and  rapidity  of  rotation  of  the  earth.  Such 
speculations  are  practically  useful  only  in  a  negative  sense,  as  showing 
the  great  improbability  of  anything  like  a  shell  of  40,000  metres 
having  cooled  and  consolidated  at  once  in  the  crust  of  the  earth  during, 
at  all  events,  any  of  the  known  geological  epochs. 

According  to  some  experiments,  made  in  America,!]:  to  ascertain  the 
amount  of  expansion  and  contraction  in  different  kinds  of  building- 
stones,  caused  by  variations  of  temperatmre,  it  was  found  that  in  fine- 
grained granite  the  rate  of  expansion  was  -000004825  for  every  degree 

*  Some  doubt  has  recently  been  cast  apon  these  results.  See  D.  Forbes,  Chemieal  Kewif 
Tol.  xviit  p.  191. 

t  BuL  Soe.  Gtol.  France,  Sd  ser.  iv.  p.  1812. 

X  Bj  Colonel  Totten.  Sillimsn's  Anurie.  Joum.  xxii.  136.  Qaoted  by  Lyell,  PrincipUs, 
VOL  H.,  p.  285. 
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Fahr.  of  increment  of  heat,  in  white  crystalline  marble  it  was 
*000006668,  and  in  red  sandstone  '000009532,  or  about  twice  as 
much  as  in  granite.  If  this  ratio  of  expansion  should  be  established 
for  underground  rocks,  '^  a  mass  of  sandstone,  a  mile  in  thiclmftiw, 
which  should  have  its  temperature  ndsed  200^  Fahr.,  would  lift  a 
superimposed  layer  of  rock  to  the  height  of  10  feet  above  its  former 
level."  '^  But,'*  continues  Sir  Charles  Lyell,  from  whom  these  remarks 
are  quoted,  '^  suppose  a  part  of  the  earth's  crust,  60  miles  in  thickness, 
and  equally  expansible,  to  have  its  temperature  raised  600*^  or  800% 
this  might  produce  an  elevation  of  between  1000  and  1500  feet  The 
cooling  of  the  same  mass  might  afterwards  cause  the  overlying  rocks 
to  sink  down  again  and  resume  their  original  position.  By  such  agency 
we  might  explain  the  gradual  rise  of  part  of  Scandinavia,  or  the  sub- 
sidence of  Qreenland."  * 

2.  Foldings,  Contortions,  Fractures,  and  Cleavage  of  Bocks. 

The  manner  in  which  rocks,  originaUy  horizontal,  have  been  plicated 
on  the  great  scale,  contorted  on  the  small  scale,  fractured,  displaced,  and 
cleaved,  has  been  described  in  Chapters  VIL,  VIII.,  IX.,  and  X.  These 
changes  are  obviously  the  result  of  those  subterranean  movements  which 
have  been  considered  in  Chapters  XVII.,  XVIII.,  and  XIX.  We  are 
now  to  inquire  whether  any  law  or  mode  of  operation  can  be  deter- 
mined according  to  which  these  changes  are  brought  about 

That  the  contortion  of  rocks  is  due  to  lateral  pressure  was  long  ago 
proved  experimentally  by  Sir  James  HalL     A  little  reflection   will 
show  us  that  if  the  bulk  of  the  globe  is  slowly  diminishing  from  secular 
refrigeration,  the  result  must  necessarily  be  the  contortion  of  the  rigid 
inelastic  outer  portion.    Or,  if  an  extensive  subsidence  takes  place,  con- 
tortion must  necessarily  accompany  it    As  Mr.  J.  M.  Wilson  has  tersely 
expressed  it,  "  Contortions  are  the  inevitable  result  of  the  subsidence  of 
a  curved  surface."!    The  problem,  however,  is  much  complicated  in  any 
given  example  by  the  great  variations  in  the  structure  of  the  earth's 
crust,  and  the  diversities  of  the  resistance  offered  by  different  rocks. 
We  may  be  confident  that  the  crumpling  of  a  great  belt  of  rocks  could 
only  be  brought  about  by  the  subsidence  of  a  large  area,  the  immense 
weight  of  which,  as  it  sank,  squeezed  and  contorted  the  rocks.    Yet 
the  local  amount  of  contortion  may  have  been  continually  modified  by 
the  texture  and  structure  of  the  rocks  themselves.     Contortions,  on  a 
minor  scale,  have  often  been  produced  by  merely  local  causes,  such  as 
the  falling  in  of  the  roof  of  some  subterranean  cavity,  or  the  intrusion 
of  igneous  rock. 

Fractures  must  frequently  accompany  contortion.     But  it  is  a  fiact 

•  Lyell,  toe.  eit.  f  GtoL  Mag.  v.  p.  20*. 
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tliat,  as  a  rule,  a  mucH  contorted  r^on  is  not  also  greatly  faulted  ;* 
while,  on  the  other  hand,  a  district  which  is  mnch  faulted  is  commonly 
pretty  &ee  from  contortions.  There  must,  therefore,  be  some  kind  of 
opposition  between  the  two  operations,  by  which  contortion  and  faulting 
are  produced.  If  the  subsidence  of  a  curved  surface  must  inevitably 
produce  contortions,  then  its  elevation  roust  give  rise  to  fractures  and 
faults.  ^  Faults^  to  quote  again  from  Mr.  Wilson's  excellent  little 
paper,  "  are  the  inevitable  result  of  the  elevation  of  a  curved  surface.** 
Instead  of  having  to  go  into  less  space,  as  in  subsidence,  rocks,  when 
elevated,  have  to  occupy  more  room  ;  and  as  they  are  not  elastic,  they 
can  only  do  so  by  a  system  of  cracks.  Those  fractured  pieces  which 
are  broader  at  the  bottom  will  rise  farther  than  the  other  pieces  which 
have  a  narrower  base,  or,  in  other  words,  the  latter  will  sink  relatively 
to  the  former.t  Hence  the  dip  or  hade  of  a  fault  must  be,  as  we  have 
seen,  in  the  direction  of  the  area  which  has  sunk,  or  away  from  that 
which  has  risen.  As  in  the  case  with  contortion  on  a  minor  scale,  so 
with  the  numerous  small  faults  met  with  in  strata,  we  must  often  take 
into  account  local  causes  as  sufficient  to  account  for  them,  though  the  gene- 
ral law  holds  true  that  the  great  faults  are  due  to  elevatory  movements. 

Mr.  Wilson  bas  examined  this  question  mathematically,  and  it  may  be  useful 
to  give  here  the  conclusions  at  which  he  has  arrived.  He  says: — "  The  following 
are  the  results  I  have  obtained,  on  the  supposition  that  a  drciUar  area  of  the  earth's 
snifaoe,  whose  diameter  subtcmds  an  angle  of  2  ^  at  the  centre  of  the  earth,  is 
depressed,  so  as  to  maintain  a  spherical  form  (of  course  a  portion  of  a  larger 
sphere)  to  a  depth  of  (a)  miles  in  the  centre  of  the  depressed  region.  The  calcu- 
lation may  be  relied  on  as  true  within  a  few  yards. 

Table  of  Ck)ifFREssioN  in  Yabds, 
For  an  arc  of  2  B^  depressed  to  a  depth  of  a  ;  radius  =  4000  miles. 


^=6* 

^=10* 

^=20* 

^=40* 

a  =  1  mile  .     . 

121 

211 

854 

800 

a  =  2  miles .     . 

189 

408 

746 

1625 

a  =  4  miles .    . 

855 

788 

1584 

3214 

o  =  8  miles .    . 

598 

1527 

S213 

8529 

Linear  distance  ) 
across  de-       > 
pressed  area   ) 

345  miles 

690  miles 

1380  miles 

2760  miles 

*'  The  inspection  of  this  table  will  show  that  the  known  rising  and  sinking  of 

*  Unless,  of  conrse,  it  has  been  exposed  to  disturbance  after  the  contortion.  The  remarks 
in  the  text  refer  to  large  powerful  faults.  f  See  anUf  p.  212,  and  Wilson,  loc.  cit. 
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Iftrge  areM  of  the  earth's  lurfkce  is  adequate  to  produce  much  compreesioa  and 
extensive  faults.  But  this  table  can  be  made  to  yield  some  other  important 
results.  When  the  geological  structure  of  a  country  is  pretty  well  known,  the 
amount  of  contortion — i.e.  the  difference  between  the  direct  distances  of  two 
distant  points,  (1)  measured  along  a  circular  arc,  (2)  measured  along  strata, — may 
be  approximately  known.  And  if  this  contortion  appears  not  to  be  due  to  the 
intrusion  of  local  igneous  rocks,  and  does  appear  to  be  due  to  depression,  we  get 
a  means  of  calculating  to  what  depth  the  strata  sank  when  those  contortions  were 
being  produced."  * 

It  may  seem  paradoxical,  yet  on  reflection  will  be  foxmd  to  be  tme, 
tbat  depression  may  be  actually  the  origin  of  elevated  mountain  chains. 
If  the  resistance  offered  by  the  superincumbent  descending  mass  be  less, 
as  we  might  expect,  than  that  offered  by  the  stationary  parts  of  the 
earth's  crust  on  either  side  of  the  subsiding  area,  the  enormous  pressure 
will  tend  to  relieve  itself  by  the  rise  of  any  tract  or  belt  of  countiy  where 
the  amount  of  resistance  is  least  It  is  a  fact  that  mountain-ranges  usually 
consist  of  crumpled  and  contorted  rocks. 

Cleavage  has  been  described  in  Chapter  X.,  and  referred  to  the 
action  of  lateral  pressure  upon  rocks.  This  pressure  must  often  arise  in 
the  course  of  those  movements  of  upheaval  and  subsidence,  which 
have  been  referred  to.  When  the  rocks,  enormously  compressed  from 
two  sides,  cannot  get  sufficient  relief  by  fracture  or  crumpling,  their 
component  particles  arrange  themselves  with  their  longer  axes  at  right 
angles  to  the  direction  of  compression.  Hence  a  new  fissile  structure  is 
developed.  A  similar  structure  may  be  artificially  produced  by  pressure 
upon  wax,  clay,  etc.t 

8.  Metamorphism. 

In  the  Classification  of  Bocks,  given  in  Chapters  IV.  and  V.,  a 
distinct  series  was  described  under  the  title  '' Metamorphic  Rocks," 
that  is, rocks  which  had  been  altered  or  ''metamorphosed"  from  their 
original  condition  into  one  quite  different.  Again,  in  Chapters  X^ 
XIL,  and  XIII.,  further  allusions  to  and  descriptions  of  metamorphic 
rocks  and  metamorphism  required  to  be  given.  We  have  now,  however, 
to  look  more  in  detail  at  the  nature  of  the  process  or  processes  by  which 
the  alteration  or  metamorphism  has  been  produced. 

Chemists  are  accustomed  to  speak  of  metamorphic  changes  as  pro- 
duced by  one  of  two  modes — Ist,  In  the  dry  way,  and  2d,  in  the  wet 
way.  In  the  former  we  have  to  consider  the  effects  of  heat,  either  in 
fusing  rocks  and  producing  new  chemical  reactions  within  them,  or  in 
hardening  them,  and  inducing  within  them  some  texture  or  stnictuie 
different  from  what  they  had  before.  The  contact  of  an  intrusive 
igneous  rock  with  sandstone,  shale,  limestone,  coal,  etc.,  is  an  instance 
of  the  production  of  metamorphism  in  the  dry  way.  J     In  the  wet  pro- 

•  J.  M.  Wilson,  GeoL  Mag.  t.  p.  207.  f  See  anU,  p.  «8. 

I  See  ante,  pp.  2G1,  208. 
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cess  we  see  how  water,  either  with  or  without  a  high  temperature,  and 
charged  with  alkaline  or  other  re-agents,  has  removed  some  elements 
from  rocks  and  deposited  others  in  their  place.  The  conversion  of 
common  limestone  into  dolomite  is  an  illustration  of  this  process. 
This  division,  however,  is,  after  all,  somewhat  arbitrary,  for  even  in 
the  so-called  dry  way,  water  or  steam  may  often  play  an  important 
part ;  while,  on  the  other  hand,  the  action  of  heated  gases  and  vapours 
could  hardly  be  properly  placed  under  either  of  the  two  methods. 
We  shall  better  describe  the  nature  of  metamorphism  if  we  term  it  a 
process  wherein  heat  and  chemical  action  in  many  various  ways  have 
gradually  changed  the  internal  texture  and  composition  of  rocks. 

Fseudomorpliio  Metamorphism. — An  attentive  study  of  what  takes 
place  upon  the  rocks  at  or  near  the  surface  enables  (us  to  realise  in 
some  measure  the  metamorphic  changes  which  must  be  going  on  at 
greater  depths.  Rain-water  falls  to  the  earth  nearly  in  a  state  of 
chemical  purity,  though  it  does  contain  minute  quantities  of  carbonic 
acid,  and  other  substances  found  in  the  atmosphere.  When,  however, 
after  sinking  into  the  earth,  the  water  rises  again  in  the  form  of  springs, 
it  is  no  longer  pure,  but  always  holds  a  greater  or  less  amount  of  mineral 
matter  in  chemical  solution.  The  carbonic  acid  which  the  rain  abstracts 
from  the  atmosphere,  and  still  more  from  the  vegetable  mould  through 
which  it  sinks  underground,  enables  the  water  to  re-act  upon  the  rocks 
underneath.  It  extracts  from  them  such  substances  as  are  either  soluble 
in  water  alone,  or  in  water  containing  carbonic  acid.  '*  These  substances 
enable  the  water  to  effect  further  decompositions,  or  to  give  rise  to 
new  formations,  on  its  penetrating  deeper.  But  this  action  does  not 
consist  merely  in  forming  a  solution  of  some  of  the  mineral  substances 
existing  in  rocks,  but  also  in  producing  the  decomposition  of  silicates 
by  the  aid  of  the  carbonic  acid  in  the  water.  Not  only  do  rocks  lose 
more  or  less  of  their  constituents  by  the  action  of  water,  they  also 
suffer  changes  in  their  composition.  The  knowledge  of  these  changes, 
and  their  laws,  constitutes  the  basis  upon  which  chemical  geology  must 
be  founded,**  and  forms  the  groundwork  of  all  proper  study  of  meta- 
morphism.^ 

The  replacement  of  one  mineral  by  another,  owing  to  the  chemical 
action  of  percolating  water,  while  the  original  form  of  the  crystal  or 
mass  is  retained,  has  been  already  referred  to  under  the  name  of 
pseudomorphism^^  It  is  this  replacing  action  which  is  concerned  in  the 
process  of  petrifaction;  and  perhaps  a  more  vivid  idea  of  this  kind  of 
metamorphism  may  be  gained  by  the  beginner  from  an  examination  of 
petrified  animal  and  vegetable  structures  than  frt>m  that  of  inorganic 
substances. 

Petrifaction, — Living   animals   and   plants,   by   means   of   their 

•  BUcbof,  Chmioal  O^olon,  toL  L  p.  63.  t  See  cmU,  p.  50. 
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fluids,  take  np,  and  convert  into  their  own  substance,  silica,  lime, 
magnesia,  soda,  potash,  phosphorus,  carbon,  iron,  etc  This  thej  do 
in  obedience  to  the  organic  forces,  those  chemico-biological  actions, 
the  assemblage  of  which  we  call  Uft,  When  life  no  longer  exists,  and 
its  forces  cease  to  act,  the  substances  of  animals  and  plants  become 
obedient  to  inorganic  laws,  and  their  mineral  portions  are  acted  on 
just  in  the  same  way  that  other  mineral  matters  are  affected.  Wood 
may  either  lose  certain  proportions  of  its  constituents,  and  become 
more  and  more  caihonued^  or  it  may  lose  the  whole  of  them  particle 
by  particle,  and  as  each  little  molecule  is  removed,  its  place  may 
be  taken  by  a  little  molecule  of  another  substance,  as  silica,  or  iron 
pyrites,  and  it  may  thus  become  entirely  tilicijied  or  pyritUed.  Bones 
and  shells,  and  other  hard  parts  of  animals,  consisting  mainly  of 
phosphate  and  carbonate  of  lime^  inAy»  in  like  manner,  have  the  pro- 
portions, or  the  state  of  aggr^ation,  of  their  constituents  altered  more 
or  less  completely,  or  may  have  their  substance  gradually  but  entirely 
replaced  by  another  substance,  more  or  less  different  from  the  former. 
In  this  way,  parts  consisting  originally  of  carbonate  of  lime  may  either 
have  the  organic  cellular  structure  obliterated  by  assuming  a  crystalline 
structure,  or  may  become  embedded  in  a  crystalline  covering  of  car- 
bonate of  lime,  or  that  mineral  may  be  converted  into  sulphate  of  lime, 
or  replaced  by  silica,  iron  pyrites,  or  other  substances,  the  cellular 
structure  being  in  each  case  either  preserved,  or  partially  or  entirely 
obliterated. 

The  student  will  find  in  tbe  great  work  of  Bischof  a  storehouse  of  facts  in  this 
branch  of  geology.  The  following  extracts  will  show  the  nature  and  value  of  his 
researches  : — "  Stein  converted  a  crystal  of  gypsum  into  carbonate  of  lime  by 
leaving  it  for  ^vend  weeks  in  contact  with*a  solution  of  carbonate  of  soda,  at  a 
temperature  of  122^  F."  The  sulphuric  acid  of  the  gypsum  united  with  the  soda 
to  form  sulphate  of  soda,  which  was  dissolved  and  carried  away  by  the  water,  and 
the  lime  united  with  the  carbonic  acid.  "  All  the  strie  upon  the  curved  surfaces 
of  the  crystal  were  perfectly  retained,  as  well  as  the  cleavage  in  the  direction  of 
the  T-plfl^es.  In  these  artificial  pseudomorphic  processes,  the  form  of  the  original 
substance  is  retained  only  under  certain  conditions,  the  most  essential  being  slow 
action  ;  and  the  same  holds  good  in  nature.  If  these  conditions  are  not  i^ilfilled, 
the  original  form  is  lost"  , 

"  In  the  analysis  of  a  mineral  in  which  changes  have  already  commenced, 
especially  by  the  addition  of  new  constituents  in  very  minute  quantities,  it  is  not 
unlikely  that  they  may  be  considered  as  accidental  and  deducted.  Since,  however, 
alterations  seldom  take  place  merely  by  addition,  but  more  frequently  by  loss  of 
constituents,  it  is  likewise  requisite  that  the  quantities  lost  should  be  added  to  the 
analytical  results. 

^  There  are  snfiScient  grounds  for  considering  andalusite  to  be  a  pure  aQicate 
of  alumina,  although  previous  analyses  have  pointed  out,  besides  these  two  essen- 
tial  constituents,  potash,  lime,  magnesia,  oxides  of  iron  and  manganese,  and 
water.  Andalusite  is  converted  into  mica,  in  which  change  a  part  of  Uie  alumina 
is  removed ;  potash,  magnesia,  and  peroxide  of  iron,  being  introduced  into  its 
place.     One  of  these  bases  is  always  found  in  andalusite,  sometimes  several  of 
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them  together ;  and  it  may  therefore  be  inferred  that  this  mineral,  as  nsnally  met 
with»  is  already  in  a  state  of  incipient  alteration.  No  other  alteration  of  andalusite 
is  known  besides  that  into  mica,  except  that  into  steatite.  The  latter  change  pre- 
supposes not  only  a  partial  bat  a  complete  disappearance  of  the  alumina,  and  its 
replacement  by  magnesia.  These  examples  will  suffice  to  show  the  importance  of 
the  minute  qnantities  of  substances  present  in  minerals,  and  generally  considered 
m  accidental.  These  substances,  which  are  troublesome  to  the  chemist,  because 
he  cannot  introduce  them  into  the  chemical  formula,  acquire  significance  when 
compared  with  the  constituents  of  the  pseudomorphs  resulting  from  the  alteration 
of  the  mineral  in  question.  They  then  nu  longer  appear  as  accidental,  but  indicate 
the  transition  of  one  mineral  into  others,  and  lay  before  us  clearly  the  greater  part 
of  the  conversion  process. 

"  It  is  possible  that  several  changes  may  frequently  have  taken  place  before 
the  last  product  was  formed.  In  the  alterations  of  complex  minerals,  especially 
silicates  containing  several  bases,  there  are  certainly  transitions  in  most  cases,  and 
sometimes  a  long  series.  Thus  Cordierite  *  is  the  starting  point  of  a  whole  series 
of  alterations,  finally  ending  with  Mica ;  while  Fahlunite,  Chlorophyllite,  Bons- 
dorfite,  Esmarkite,  Weissite,  Praseolite,  Gigantolite,  and  Finite,  are  remains  of 
Cordierite  in  pseudomorphic  conditions.  Inasmuch  as  the  minerals  between 
Cordierite  and  Mica  are  only  transition  products,  they  cannot  be  r^arded  as 
individual  species,  "f 

"Pseudomorphs  furnish  us  with  a  kind  of  knowledge  which  we  have  no 
opportunity  of  deriving  from  any  other  source.  It  will  scarcely  ever  be  possible 
to  convert  augite,  olivine,  or  hornblende,  etc,  into  serpentine,  in  our  laboratories. 
But  when  we  find  serpentine  in  the  form  of  these  minerals,  this  fact  is  a  sufficient 
evidence  that  such  a  cod  version  can  take  place  ;  and  if  in  any  given  instance  there 
are  geognostic  reasons  for  the  opinion  that  one  or  other  of  these  minerals,  or  even 
several  together,  have  furnished  the  materials  for  the  formation  of  serpentine, 
there  is  a  high  degree  of  probability  that  such  a  change  has  actually  taken  place. 

"If  a  crystalline  mineral  can,  under  certain  conditions,  be  converted  into 
another,  whether  with  or  without  retention  of  form,  then  the  same  mineral  in  an 
amorphous  state  would  certainly  suffer  the  same  change  when  placed  in  the  same 
circumstances."  From  this  he  shows  that  amorphous  masses  of  serpentine  may  be 
formed  from  amorphous  masses  of  augite,  etc.,  and  also  that,  in  soma  instances,  the 
original  form  of  a  crystalline  mineral  may  be  destroyed  together  with  its  substance, 
and  the  new  mineral  occur  in  its  own  crystalline  form.  He  concludes  the  sulDJect 
thus: — 

**  The  importance  of  the  pseudomorphic  processes,  and  the  error  of  those  who 
regard  them  as  having  but  little  connection  with  the  changes  of  rocks,  is  suffi- 
ciently shown  by  the  total  disappearance  of  previously  existing  substances  in 
veins.  I  consider  that  the  entire  removal  of  fluor  and  calc  spar  from  a  whole  series 
of  veins,  and  the  introduction  of  an  equal  quantity  of  quartz  in  their  place,  is  a 
matter  of  vast  importance.  To  what  enormous  spaces  of  time  do  we  come  when 
we  reflect  upon  the  periods  during  which  the  fluor  and  calc  spar  were  introduced 
into  these  fissures,  and  then  the  periods  during  which  they  were  again  removed  by 
water,  and  quartz  substituted  in  their  place  !  And  yet  this  happened  after  the 
formation  of  the  rocks  in  which  these  fissures  occur.  If  we  imagine  similar  pro- 
cesses to  have  taken  place  in  the  rocks  themselves,  and  extending  over  not  only 
both  these  periods  but  the  entire  space  of  time  since  their  formation,  we  shall  be 

*  Cordierite  Is  a  mineral  composed  of  a  silicate  of  alumina,  combined  with  two  atoms  of 
silicate  of  magnesia. 

t  If  fortlier  well-considered  researches  establish  these  conclusions,  it  will  have  a  won- 
derftil  effect  In  simplifying  the  important  science  of  mineralogy,  and  in  applying  its  results 
to  Uie  formation  of  various  kinds  of  rocks. 
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compelled  to  a<fmit  that  inconceivably  stupendous  changes  have  taken  pUce. 
After  such  considerations,  the  conversion  of  extensive  masses  of  rock  by  the  action 
of  water  alone  into  steatite,  talc,  serpentine,  kaolin,  etc,  cannot  appear  in  the 
slightest  degree  strange."* 

By  these  psendomorphic  processes  large  monntain  masses  of  limestone  have 
been  converted  into  dolomite  ;  and  not  merdy  has  the  composition  of  the  rock  been 
changed,  but  its  texture  also,  and  even  all  trace  of  stratification  has  been  obliterated. 
Some  wonderful  illustrations  are  furnished  by  mountains  of  the  Eastern  Alps. 

Influence  of  Pressure  on  Metamorphism. — We  can  imitate  in  the 
laboratory  a  number  of  the  metamorphic  changes  which  take  place  in  nature. 
Yet  the  latter  have,  as  a  rule,  been  produced  under  circumstances  which 
we  cannot  command.  There  is,  as  Bischof  has  pointed  out,  the  element 
of  time.  Many  of  the  changes  are  so  infinitesimally  small  and  gradual, 
that  we  cannot  hope  to  reproduce  them.  Again,  they  have  often  taken 
place  under  the  pressure  of  hundreds  and  thousands  of  feet  of  super- 
incumbent rock.  The  influence  of  pressure  in  modifying  chemical 
re-actions  was  long  ago  pointed  out,  for  the  first  time,  by  Hutton,  and 
experimentally  proved  by  Hall.t  When  limestone  is  heated  suflSciently 
in  a  kiln  or  fire  it  parts  with  its  carbonic  acid.  But  Hall  showed  that 
if  the  same  heat  is  applied  under  great  pressure,  the  rock  may  be  con- 
verted into  a  crystalline  marble,  or  even  fused  without  the  loss  of  its 
carbonic  acid.  He  argued,  therefore,  that  the  effects  which  heat  pro- 
duces upon  rocks  at  great  depths  may  be  very  different  from  those 
which  it  ordinarily  produces  at  the  surface. 

Influence  of  Heated  "Water. — All  rocks  are  more  or  less  permeable 
by  water,  and  water  circulates  through  the  rocks,  at  least  as  deep  as  man 
has  been  able  to  penetrate  into  the  crust  of  the  earth.  We  have  seen 
that  the  temperature  increases  regularly  as  we  descend  beneath  the 
surface.  Hence,  at  no  great  depth,  the  rocks  must  be  traversed  by 
warm  water,  a  condition  most  favourable  for  chemical  changes.  It  is 
not  necessary,  however,  for  the  accomplishment  of  such  changes  that 
the  temperature  should  be  very  high.  Mr.  Sterry  HuntX  argues,  that 
from  the  occurrence  of  graphite  or  unoxidised  carbon  in  the  metamoT' 
phic  schists  of  Canada,  the  heat  could  never  have  been  very  intense,  or 
at  all  approaching  the  melting  point  of  the  silicates.  He  shows  that 
water  at  212°  F.,  containing  solutions  of  alkaline  carbonates,  would  be 
sufficient  for  the  solution  even  of  silica,  and  the  decomposition  of  sili- 
cates and  the  formation  of  garnet,  epidote,  and  chlorite,  and  other  silicates 
of  lime,  magnesia,  and  iron  ;f  and  that,  if  the  temperature  were  raised 
to  480°,  it  might  suffice  for  the  production  of  chiastolite,  staurolite,  etc, 
and  felspathic  and  micaceous  silicates  generally.  Such  temperatures 
may  readily  be  supposed  to  be  imparted  to  portions  of  the  earth's 

•  Bischof,  op.  cit.  vol  I.  chap.  il. 
t  See  the  Theory  oj  ikt  BaHh,  vol.  i.  chap.  i. ;  and  Trans.  Boy.  Soe.  Edin,,  voL  vL  p.  »5w 
I  In  the  Reports  of  the  Geological  Survey  of  Canada  for  the  yeArt  1853-6. 
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CTQst,  either  locally,  by  the  intrusion  of  granite,  or  over  wider  areas, 
when  any  part  of  what  may  now  be  the  surface  was  as  deep  as  from 
10,000  to  20,000  feet  below  the  surface. 

Frodiiotion  of  Foliated  Books  by  Metamorphism. — Foliation  has 
been  already  (Chapter  X.)  described  as  a  texture  superinduced  upon 
stratified  rocks,  the  lines  of  lamination  or  of  cleavage  having  been 
replaced  by  a  re-arrangement  and  crystallisation  of  the  ingredients  in 
lines  of  folia.  That  this  is  not  the  original  condition  of  the  rocks,  but 
a  metamorphic  one,  is  shown  by  the  intercalation  of  unaltered  or  but 
little  altered  beds  of  grit,  grey  wacke,  or  sandstone,  and  by  the  occurrence 
of  organic  remains,  sometimes  in  the  foliated  rocks,  sometimes  in  the 
quartz  rocks  and  limestones  between  and  beneath  them.  In  foliation, 
the  minerals  (chiefly  felspar,  quartz,  and  mica,  talc  or  chlorite)  have 
segr^ated  in  dififerent  layers,  which  alternate  with  and  merge  into  each 
other. 

Though  we  can  conceive  theoretically  how  a  mass  of  stratified  rock, 
buried  under  later  formations  and  depressed  to  a  great  depth,  so  as  to  be 
brought  within  the  action  of  subterranean  heat,  may  undergo  great  internal 
changes,  it  is  not  perhaps  very  easy  to  follow  the  various  steps  of  the  pro- 
cess, wherein  the  different  minerals  were  separated  into  distinct  folia.  We 
must  bear  in  mind  that  there  were  necessarily  original  differences  in  the 
composition  of  the  various  strata  which  have  been  foliated.  Some  were 
more  siliceous,  others  more  argillaceous,  others  more  calcareous.  So  that, 
even  if  the  process  of  metamorphism  went  on  uniformly  over  the  whole 
mass  of  strata,  some  beds,  being  much  more  easily  acted  on  than  others 
by  heated  alkaline  water  (or  other  metamorphic  agent),  would  undergo 
a  greater  change.  But  in  all  probability  the  metamorphic  process  was 
far  from  uniform  in  its  operation.  The  rocks  would  differ  from  each 
other  in  their  conductivity  of  heat  and  in  their  perviousness  to  water, 
while  the  quantity  of  water  passing  through  them  may  have  been 
irregular,  and  without  relation  to  the  relative  capacity  of  the  different 
rocks  to  receive  it. 

It  appears  that  foliation  is  the  result  of  a  long  series  of  reactions, 
and  that  these  have  been  chiefly  carried  on  by  heated  water  charged 
with  alkaline  solutions.  We  have  seen  that  foliation  coincides  either 
with  stratification  or  with  cleavage.  The  water,  in  short,  followed  the 
most  marked  lines  of  division  of  the  rocks,  and  flowing  or  percolating 
along  these  lines  decomposed  the  substance  of  the  rock,  dissolving  and 
removing  some  minerals  and  re-depositing  others.  Purely  siliceous 
rocks  would  be  little  liable  to  change  from  this  source  ;  hence  we  find 
the  bands  of  grit  or  sandstone  among  mica-schists  still  comparatively 
unchanged  (see  Fig.  86),  and  the  bedding,  and  even  the  worm-burrows 
and  ripple-marks  on  quartz  rock,  still  remain.  But  in  argillaceous 
rocks,  such  for  instance  as  were  formed  from  the  waste  of  others  in 
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which  felspar  was  a  maiD  constituent,  the  conditions  for  alteration  weie 
eminently  favourable.  The  silicates  were  decomposed,  and  the  liber- 
ated silica  was  deposited  along  the  divisional  planes,  whether  of  bedding 
or  cleavage.  Felspar  we  know  to  have  been  converted  into  mica  and 
quartz,^  and  we  may  conceive  that  a  mass  of  highly  feb«pathic  strata, 
such  as  many  of  the  palaaozoic  rocks  are,  might  in  the  same  way  be 
resolved  into  these  two  minerals,  the  s^r^ation  taking  place  in  folia 
corresponding  to  the  lines  along  which  the  water  passed. 

Among  the  foliated  rocks  a  gradation  can  be  traced  from  clay-slate 
through  mica-schbt  and  talc-schist  into  gneiss,  and  from  gneiss  into 
granite.  The  metamorphic  process  can  thus,  as  it  were,  be  seen  in  all  iU 
stages.  In  some  rocks  we  seem  to  see  merely  its  beginnings.  In  others 
we  trace  a  further  development  of  the  internal  rearrangement,  until  in 
mica-schist  the  foliated  texture  is  fully  developed.  In  gneiss,  though 
the  folia  still  remain,  foliation  begins  as  it  were  to  pass  into  a  more 
irregularly  crystalline  structure,  which  reaches  its  perfection  in  granite. 
In  this  metamorphic  series,  therefore,  clay-slate  stands  at  the  one  end 
and  granite  at  the  other. 

Belation  of  G-ranite  to  Metamorphio  Books. — ^In  a  former  part  of 
this  Manual  the  petrol  ogical  relations  of  granite  to  gneiss,  mica-schist, 
and  other  rocks,  was  described,!  and  it  was  shown  that  in  some  cases 
there  could  be  little  doubt  that  the  granite  itself  is  a  rock  of  meta- 
morphic origin.  A  r^ular  gradation  may  be  observed  in  many  highly 
metamorphosed  districts,  from  porphyritic  granite,  in  which  there 
is  not  the  slightest  trace  of  any  lamination  or  parallel  arrangement  of 
the  minerals,  through  tracts  where  such  an  arrangement  becomes 
first  obscurely  and  then  strikingly  manifest,  into  other  tracts  where 
the  whole  mass  of  the  rocks  is  arranged  into  beds  and  layers  of  dif- 
ferent constitution,  some  of  which  might  be  called  "  gneiss,"  others 
"  mica-schist,"  and  with  which  beds  even  of  "  crystalline  limestone" 
are  alternated. 

There  are,  however,  other  tracts  in  which  the  granite  occurs  in 
larger  mass,  in  which  there  is  very  little  trace  of  any  gradation  from 
the  granite  into  the  surrounding  rocks,  even  when  these  surrounding 
rocks  do  assume  the  form  of  mica-schist  and  gneiss.  The  granite 
which  runs  for  seventy  miles  S.S.W.  of  Dublin,  described  in  Chapter 
XII.,  is  of  this  character.  It  cuts  variously  through  beds  of  clay-slate, 
which  are  interstratified  with  thin  fine-grained  siliceous  grits.  The 
alteration  in  the  clay-slates  in  the  direction  of  the  granite  first  becomes 
perceptible  at  a  distance  of  a  mile  or  two  from  the  line  where  the 
granite  reaches  the  surface,  and  becomes  more  marked,  until  in  imme- 
diate contact  with  the  granite  there  is  perfect  mica-schist,  with  crystals 
of  garnet,  of  andalusite   or   staurolite,  and  other   similar  minerals. 

♦  Bischof;  iL  p.  172.  t  Chapter  XII. 
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Here,  howeTer,  as  even  in  highly  metamorphosed  districts  at  a  distance 
from  granite,  the  purely  siliceous  bands  of  fine-grained  grey  gritstone, 
from  half-on-inch  to  an  inch  in  thickness,  which  are  interstratified 
with  the  schists,  are  unaltered,  except  by  induration,  exhibit  no  signs 
of  micacisation,  and  do  not  differ  from  the  grit-bands  interstratified 
with  the  unaltered  clay-slate  at  a  distance  from  the  granite.  More- 
over, the  mica-schist  itself  varies  in  character  in  different  layers, 
evidently  in  consequence  of  those  layers  differing  from  each  other 
originally  in  mineral  character.  The  half-formed  crystals  of  staurolite 
(or  andalusite),  for  instance,  which  occur  under  Killiney  Hill,  near 
Dublin,  only  occur  in  certain  layers  in  which  the  substances  happened 
to  exist  in  the  proper  proportion  to  form  them,  while  in  intermediate 
layers,  where  that  proportion  did  not  exist,  no  such  crystalline  forms 
are  apparent.  These  layers  are  in  many  cases  abruptly  cut  off  by  the 
mass  of  the  granite,  or  by  the  granite  veins  that  penetrate  them,  much 
in  the  same  way  that  aqueous  rocks  are  cut  off  in  other  places  by 
masses  or  veins  of  trap.  Even  hand  specimens  may  be  procured  in 
abundance,  where  the  two  kinds  of  rock  are  separated  by  a  sharp  line 
of  division,  without  the  slightest  trace  of  gradation  from  one  to  the 
other. 

In  such  cases  it  is  evident,  that,  whether  or  not  the  granite  has  been 
originally  formed  by  the  metamorphism  of  other  rocks,  it  has  certainly, 
in  a  fluid  or  pasty  condition,  invaded  and  altered  the  sedimentary  rocks 
against  which  it  is  now  found,  and  that  here  it  cannot  be  regarded  as 
other  than  an  igneous  rock,  though  of  course  one  which  differs  widely 
from  an  ordinary  trap-rock  or  lava. 

Depth  at  which  Qranite  was  formed. — In  a  very  important  paper  ^ 
on  the  Microscopical  Structure  of  Crystals,  Mr.  Sorby  shows  that  it  is 
possible  to  arrive  at  some  remarkable  conclusions  as  to  the  tempera- 
ture and  depth  at  which  the  crystalline  particles  of  granite  and  other 
igneous  rocks  were  formed.  Crystals  formed  from  warm  fluid  solu- 
tions are  often  full  of  cavities  which  contain  some  of  the  fluid  in 
which  they  were  formed.  If  these  cavities  are  not  completely  fllled 
with  the  fluid,  the  vacuity  may  be  taken  as  a  measure  of  the  shrinking 
of  the  fluid  during  cooling,  and  we  may  then  calculate  the  amount  of 
heat  requisite  to  expand  the  contained  fluid  so  as  to  completely  fill  the 
cavity,  and  may  thus  arrive  at  a  knowledge  of  the  temperature  of  the 
fluid  at  the  time  the  crystal  was  formed.  But  crystals  formed  in/uids  by 
fution  are  also  full  of  cavities,  which  contain  some  of  the  fused  matter, 
now  become  solid  stone,  together  with  vacuities,  the  relative  size  of 
which  enables  us  to  calculate  the  amount  of  heat  that  would  melt  and 
expand  the  contained  stone  or  glass,  so  as  to  fill  up  the  whole  cavity. 
The  effect  of  pressure  has  of  course  to  be  taken  into  account ;  the 

•  Qwirt.  Jour.  G90U  Soc  vol.  xlr,  p.  458. 
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greater  the  pressure  the  greater  might  be  the  temperature  of  consolida- 
tion requisite  for  the  production  of  cavities  and  vacuities  in  the 
crystals,  so  that  the  relative  sizes  of  these,  when  the  possible  tempera- 
tures of  consolidation  are  taken  into  account,  give  us  an  idea  of  the 
pressure  and  possible  depth  under  which  the  rock  was  consolidated. 

Mr.  Sorby  applies  these  principles  to  the  ex&mination  of  many  igneous  rocks, 
lavas,  traps,  and  granites,  and  proves  from  them  the  igneous  origin  of  all,  with 
this  remarkable  result,  that  the  fluidity  of  the  more  superficial  lavas  and  traps 
was  a  more  purely  igneous  one  than  that  of  the  deeper  seated  traps  and  granitei. 
The  blocks  ejected  from  Vesuvius  during  eruption  contain  water,  while  t^e  lavas 
do  not ;  and  the  crystals  of  the  Cornish  elvans,  and  the  Cornish  and  Scotch  granites, 
contain  both  fluid  and  stone  cavities,  proving  the  presence  of  water,  and  peiiiaps 
also  of  gas,  as  well  as  the  existence  of  great  heat.     Mr.  Sorby  concludes  : — 

'*  On  the  whole,  then,  the  microscopical  structure  of  the  constituent  minerals  of 
granite  is  in  every  respect  analogous  to  that  of  those  formed  at  great  depths,  and 
ejected  from  modem  volcanoes,  or  that  of  the  quartz  in  the  trachyte  of  Ponza,  as 
though  granite  had  been  formed  under  similar  physical  conditions,  combining  at 
once  both  igneous  fusion,  aqueous  solution,  and  gaseous  sublimation.  The  proof 
of  the  operation  of  water  is  quite  as  strong  as  of  that  of  heat."  In  some  coarse 
granites  it  is  impossible  to  draw  a  line  between  them  and  veins  in  which  crystals 
of  felspar,  mica,  and  quartz,  seem  to  have  been  formed  from  solutions  without 
any  actual  fusion.  If  granite  and  elvan  finally  consolidated  at  a  temperature  not 
exceeding  about  608°  F.,  the  elvans  of  Cornwall  must  have  been  formed  under  a 
pressure  equal  to  that  which  would  have  been  exerted  by  a  thickness  of  about 
40,000  feet  of  rock,  those  of  the  Highlands  of  Scotland  one  of  69,000.  Calcula- 
tions unite  in  giving  these  conclusions  : — 

The  granites  of  the  Highlands  indicate  a  pressure  of  26,000  feet  more  than 
those  of  ComwalL 

The  elvans  of  the  Highlands,  one  of  28,700  feet  more  than  those  of  Cornwall. 

The  metamorphic  rocks  of  the  Highlands,  one  of  23,700  feet  more  than  thosa 
of  ComwaU. 

If  the  temperature  of  consolidation  was  higher,  the  pressures  must  have  been 
greater.  Mr.  Sorby  does  not  mean  in  his  conclusions  to  point  out  the  absolute 
depths  at  which  the  rocks  consolidated,  since  the  pressure  they  were  subjected  to 
might  arise  in  part  fh)m  the  impelling  force  acting  from  below  against  the  supers 
incumbent  mass. 

Cycles  of  Metamorphism. — If  we  look  upon  aU  aqueous  rocks  as 
in  some  shape  or  other  derivative  rocks — and  this  is  a  conclusion  from 
wliich  we  cannot  escape — we  must  r^ard  them  as  either  mediately  or 
immediately  derived  from  igneous  rocks.  With  repaid  to  the  mechani- 
cally formed  aqueous  rocks  this  is  obviously  true,  because,  if  we  trace  to 
their  original  source  the  silica  and  alumina,  the  quartz,  the  felspar,  and 
the  mica  of  which  they  are  made  up,  we  must  eventually  arrive  at  some 
igneous,  most  probably  some  granitic,  rock  as  their  parent.  But 
even  as  regards  the  lime,  soda,  and  magnesia,  of  all  the  chemically 
and  organically  formed  aqueous  rocks  (setting  aside  the  carbonaceous 
rocks),  we  are  compelled  to  suppose  that  the  water  first  derived  those 
minerals  from  the  decomposition  of  such  igneous  rocks  as  contained 
them.     Speaking  generally,  then,  it  need   not   surprise  us   to   find 
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materials  that  had  once  been  fused  reduced  again  to  that  condition.  It 
is  trae,  that  the  matteis  that  acted  as  a  flux  to  the  silica  and  alumina 
of  the  igneous  rocks  may  have  been  washed  out  and  removed  more  or 
less  completely  from  the  debris  of  those  rocks  which  form  our  sand- 
stones and  days  ;  but  purely  siliceous  sandstones  or  pure  clays  are  com- 
paratively rare  and  in  small  quantity,  and  if  the  rocks  around  them 
and  enclosing  them  were  remelted,  they  would  soon  become  mingled 
with  the  other  rocks  which  retain  their  basic  constituents,  or  consist 
more  or  less  entirely  of  basic  materials,  and  thus  again  might  ordi- 
nary igneous  rocks  be  formed.  There  can,  therefore,  be  nothing 
either  nnphilosophical  or  improbable  in  regarding  the  whole  crust  of 
our  globe  as  consisting  of  materials  passing  through  an  endless  cycle  of 
mutations,  existing  at  one  time  as  igneous  rocks,  then  gradually  decom- 
posed, broken  up,  separated  out,  sorted,  and  deposited  as  aqueous  rocks, 
at  a  subsequent  period  metamorphosed,  and  ultimately  re-absorbed  into 
the  igneous  rocks.  In  this  view,  the  most  highly  metamorphosed  rocks 
would  be  those  most  nearly  hovering  upon  the  brink  of  re-absorption, 
and  gneiss  accordingly  on  the  point  of  passing  into  granite,  and  in  some 
cases  perhaps  undistinguishable  from  what  we  may  conceive  as  originally- 
formed  granite,  no  part  of  which  has  yet  entered  on  this  cyde  of 
change. 

Production  of  Pseudo-igneous  Books  by  Metamorpldflm. — We 
have  seen  that  metamorphic  granite  is  the  ultimate  stage  of  that  line 
of  metamorphism  which  leads  from  day-slate  through  mica-schist  to 
gneiss.  There  is  another  line  of  metamorphism  where  highly  felspathic 
sedimentary  rocks,  including  even  conglomerates,  have  been  converted 
into  crystalline  and  poi-phyritic  masses,  which  at  first  sight  would  not  be 
regarded  as  anything  but  true  igneous  rocks.  Some  remarkable  examples 
of  this  kind  occur  in  the  Silurian  and  Old  Red  Sandstone  districts  of 
Ayrshire  in  Scotland.  Near  Qirvan,  a  conglomerate,  w;hich  in  one  place 
is  well  stratified,  passes  by  degrees  into  a  dull  dirty  green  amorphous 
porphyritic  rock,  in  which,  after  a  little,  even  the  more  siliceous  pebbles 
cease  to  be  visible.  This  rock  varies  greatly  in  texture  and  composi- 
tion. It  ia  associated  in  the  same  district  with  serpentine,  diallage- 
rock,  diorite,  and  syenite.* 

Metamorphism  of  Igneous  Books. — Metamorphism  is  not  con- 
fined to  the  aqueous  rocks,  but  is  probably  equally  active  among  the 
igneous  rocks  themselves,  although  there  the  processes  are  more  con- 
cealed from  us.  Many  rocks,  which  are  now  undistinguishable  from 
true  igneous  rocks,  may  have  been  formed  by  a  comparatively  slight 
metamorphism  of  tuff,  or  other  mechanical  accumulation  of  materials, 
derived  directly  from  igneous  rock,  and  subsequently  brought  within 

*  This  district  lias  been  snireyed  in  the  course  of  the  Geological  Sarvey,  and  part  of  it 
is  descxibed  X>j  Mr.  James  Geikie,  Quart.  Joum.  G«ol.  Soc.f  rol.  xxil  p.  518. 

2  B 
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the  influence  of  metamorpliic  action.  Some  real  and  originally  fonned 
igneous  rocks  may  in  like  manner  undergo  metamorphoses,  more  or  leae 
complex.  Some  rocks,  for  instance,  may  have  acquired  a  porphyritic 
texture  by  long-continued  and  comparatively  gentle  metamorphisni, 
acting  on  previously  compact  trap-rocks.  The  same  comparatively  slight 
action  has  doubtless  caused  many  once  compact  igneous  rocks  to  become 
more  completely  crystalline,  and  in  some  cases  generated  new  combina- 
tions, and  produced  mineral  forms  that  did  not  exist  in  the  original 
rock.  These  possibilities  should  be  borne  in  mind  when  we  are  en- 
deavouring to  explain  phenomena  that  otherwise  are  often  difficult  to 
understand.  In  metamorphosed  regions,  igneous  rocks  which  would 
fall  under  the  general  class  of  greenstones  or  felstones,  are  much  more 
completely,  or  much  more  coarsely  crystalline,  than  similar  igneous 
rocks  in  unaltered  districts,  and  seem  in  some  cases  to  have  had  not 
only  their  state  of  aggregation,  but  even  their  mineral  composition 
changed,  either  by  a  re-arrangement  of  their  constituents,  or  by  the 
subtraction  of  some  which  they  formerly  possessed,  or  the  addition  of 
others  which  they  did  not  Other  igneous  rocks  may  occur  in  the 
same  districts  which  have  been  intruded  subsequently  to  the  meta- 
morphic  action,  and  therefore  have  the  same  characters  as  when  they 
occur  in  unmetamorphosed  districts.  Want  of  attention  to  this  cir- 
cumstance seems  to  have  been  one  of  the  sources  of  the  confusion  which 
still  is  to  be  found  in  the  nomenclature  of  the  rocks  found  in  igneous 
and  metamorphic  districts,  and  the  multiplicity  of  the  varieties  intro- 
duced and  named.  All  chemical,  mineralogical,  and  microscopic 
descriptions  of  such  rocks  should  be  accompanied  by  careful  geolc^cal 
descriptions  of  the  neighbourhood  of  the  locality  from  which  they  are 
obtained,  special  notice  being  taken  as  to  whether  the  general  mass  of 
the  surrounding  rocks  exhibits  marks  of  metamorphism  or  not  ;  and 
all  varieties  derived  from  such  districts  should  be  admitted  with  great 
caution  among  those  of  unmetamorphosed  igneous  rocks. 

In  connection  with  this  possible  metamorphism  of  igneous  rocks  on 
a  large  scale,  the  contact  metamorphism  of  igneous  rocks,  and  the 
reaction  of  the  enclosing  rock  on  the  igneous  mass  itself,  is  a  subject  of 
great  interest,  hitherto  little  investigated.  Black  basalt  or  dolerite, 
where  it  penetrates  coal,  is  converted  into  the  "  white  rock  trap,' 
described  at  p.  261,  sometimes  for  a  depth  of  several  feet ;  and  in  many 
cases  the  metamorphism  along  the  boundary  of  an  intnisiTe  rcM^  b 
apparently  about  as  great  in  the  latter  as  in  the  rock  which  it  traveisea. 

4.  Formation  of  Concretions  and  Mineral  Veins. 

Not  only  have  rocks  had  their  substance  altered  by  the  removal  or 
re-arrangement  of  their  ingredients  by  metamorphism,  but  cavitieSyCitJier 
original  or  subsequently  formed  in  their  mass,  have  been  filled  up  with 
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new  mineral  compounds.  In  Chapters  XIY.  and  XV.  a  description 
has  been  given  of  the  way  in  which  veins  of  minerals  and  mineral 
concretions  occur  in  rocks.  Such  concretions  as  were  not  formed 
originally  (as  clay  ironstone  nodules  were)  along  with  the  rock  in 
which  they  are  found,  are  due  to  the  chemical  action  of  percolating 
water.  And  even  the  contemporaneously-formed  concretions  have  been 
subsequently  affected  by  the  same  imiversal  action.  The  ironstone 
nodules,  for  instance,  are  often  found  to  have  their  internal  cracks  filled 
up  with  calc  spar,  sometimes  with  blende  or  galena — substances  which 
were  introduced  by  percolating  water,  long  after  the  formation  of  the 
concretions.  The  chemical  reactions  which  resulted  in  the  formation 
of  concretions  of  iron  pyrites,  chert,  phosphate  of  lime,  etc,  will  be 
beet  understood  from  the  detailed  descriptions  of  Bischo£ 

Between  mineral  veins  and  concretions  there  is  a  close  analogy.  A 
vein  or  veining  is  in  many  cases  only  a  thread  of  an  inch  or  two  in 
length,  and  may  be  regarded  as  merely  an  elongated  concretion.  Such 
are  many  veins  of  quartz  and  carbonate  of  lime.  From  these  tiny 
veins  there  is  every  gradation  of  size  and  substance,  till  we  come  to 
great  metalliferous  lodes  or  reefis,  many  yards  broad  and  several  nules 
in  extent.  If  the  student  will  refer  to  the  geognostic  account  already 
given  of  mineral  veins,  he  will  see  that,  from  the  way  in  which  the 
spars  and  ores  occur  together,  there  can  hardly  be  any  doubt  that  they 
have  all  been  formed  successively  by  variations  of  the  same  great  pro- 
cess of  infiltration.  It  seems  clear  that,  whatever  other  agent  may 
have  been  at  work,  water  charged  with  mineral  solutions  has  been  the 
great  agent  here,  as  in  other  metamorphic  processes. 

It  has  been  maintained  that  currents  of  voltaic  electricity  have 
traversed  and  are  traversing  the  lodes,  and  have  been  largely  instru- 
mental in  the  deposition  of  the  several  ores.*  Another  explanation  has 
been  suggested  by  the  results  of  metallurgical  processes — viz.,  that  the 
metallic  ores  met  with  in  veins  have  been  sublimed  in  fissures  by  the 
action  of  underground  heat.t     But  the  fact  that  the  spars  and  vein- 

*  See  an  intereeting  paper  by  Mr.  R.  Weir  Fox  (Trant.  Boyal  GeoL  Soe.  Cornwall,  vol. 
It.)  on  the  *<  Electro-Magnetic  Properties  of  Lodes." 

t  The  following  note  on  this  sol^ect  is  by  Mr.  Jokes : — "  When  walking  across  the 
Aflenheads  mining  ooontry  after  the  meeting  of  the  British  Association  at  Newcastle,  in 
the  year  1838,  a  chimney,  a  mile  long,  bnilt  np  the  side  of  a  hill  near  one  of  Mr.  Beaamont*s 
mUls,  in  the  county  of  NorUramberiand,  was  pointed  ont  to  me.  It  had  chambers  in  it  at 
intervals,  and  it  was  said  that  its  expense  was  repaid  in  a  few  years  by  the  qnantity  of  lead 
deposited  in  these  chambers,  which  would  otherwise  have  been  dissipated  in  the  state  of 
Tiponr  into  the  atmosphere.  As  this  happened  so  many  years  ago,  I  wrote  to  Mr.  Sop- 
with,  the  eminent  manager  of  Mr.  Beaumont's  mines,  respecting  It,  and  in  answer  I  was 
informed  by  him  that  formerly  *  large  qoantities  of  lead  were  carried  off  in  the  state  of 
▼apoor  and  deposited  on  the  surronnding  land,  where  regetation  waA  destroyed,  and  the 
health  of  both  men  and  animals  seriously  affected.'  This  led  to  Tarioos  extensions  of  the 
horixontal  or  sUghtiy  inclined  galleries  in  use  at  Mr.  Beanm<mt's  mines,  and  the  quantity  of 
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Btones,  wliich  cannot  be  suppoeed  to  owe  their  existence  to  subUmatioii, 
are  bo  intimately  associated  with  the  ores,  leads  us  necessarilj  to 
assiune  one  common  origin  for  the  whole/  and  as  they  are  all  pro- 
ducts which  might  have  been  produced  by  infiltration,  Uiere  seems  no 
good  reason  to  assign  any  other  cause  for  their  formation.  It  is  op^i 
to  question  whether  the  metallic  substances  hare  been  derived  from 
the  rocks  adjacent  to  the  veins,  or  from  some  other  source.  Probably 
both  these  sources  have  been  available. 

The  remarkable  relation  which,  as  pointed  out  in  Chapter  XIV., 
often  holds  between  the  development  of  minerals  in  a  vein,  and  the 
varying  nature  of  the  rocks  through  which  the  vein  passes,  may  indi- 
cate either  that  the  minerals  were  directly  derived  from  these  rocks, 
or  that  if  they  were  carried  up  in  solution  from  greater  depths,  the 
nature  of  the  composition  of  the  rocks  on  each  side  of  the  veins  de- 
termined the  deposition  of  the  particular  minerals  in  the  veins  them- 
selves. 

Supposed  Oonneotion  between  Igneous  Books  and  Metalliforoiis 
Veins. — Whether  or  not  an  increase  of  temperature  has  been  connected  with  the 
deposition  of  ores  in  veins,  it  is  abundantly  evident  that  the  occurrence  of  igneoviB 
rocks  has  no  connection  with  it.  This  supposition  of  a  relation  between 
igneous  rocks  and  mineral  veins  seems  partly  to  have  sprung  from  the  fact  that 
igneous  rocks  also  occur  in  veins,  and  partly  from  the  other  fact  that  metalliferoos 
mineral  veins  often  occur  in  distiicts  vrhich  are  partly  composed  of  igneous  rocks. 
It  is  obvious,  however,  that  veins  of  igneous  rock  very  seldom  contain  either  spars 
or  ores  at  all  resembling  those  found  in  mineral  veins,  their  contents  being  mmly 
a  rock  mass,  composed  of  imperfectly  crystallised  silicates.  It  is  equally  obvious 
that  the  occurrence  of  metalliferous  mineral  veins  in  districts  partly  compo6«d  of 
igneous  rocks,  is  the  consequence  not  of  the  igneous  origin  of  such  rocks  bat  of 
their  hardness  and  durability,  the  fissures  in  these  rocks  remaining  open  tin  they 
became  the  receptacles  of  spars  and  ores.  The  igneous  rocks,  iDie  those  of 
aqueous  oiigin,  were  evidently  consolidated,  and  much  in  the  same  state  in  which 
they  are  now,  before  they  commenced  to  be  fissured,  and  the  infilling  of  the 
fissures  is  a  yet  more  recent  operation. 

lead  extracted  rapidly  repaid  the  cost  of  construction.  The  latest  addition  of  this  kiiid 
was  made  at  Allen  Mill,  and  It  completed  a  length  of  8789  yards  (nearly  five  miles)  of  atone 
gallery  (or  chimney)  fh>m  tliat  mill  alone.  This  gallery  is  eight  feet  high  and  six  feet  wide, 
and  is  in  two  divisions  widely  separated  ;  one  being  in  use  daring  such  times  as  the  fvmt 
or  deposit  (a  black  oxide  of  lead)  is  taken  out  of  the  other.  There  are  also  npwards  of 
four  miles  of  gallery  for  the  same  porpone  connected  with  other  mills  belonging  to  Jix, 
Beaumont  in  the  same  district  and  in  Durham,  and  further  extensions  are  oonteanidated. 
The  value  of  the  lead  thus  saved  finom  being  totally  dissipated  and  dispersed,  and  obtaised 
from  what  mig^t  be  called  ekimne^  9craping$,  considerably  exceeds  ten  thousand  pounds 
sterling  annoally.  It  should  be  observed,  however,  that  the  mines  of  which  these  chtnancys 
or  floes  are  an  appendage,  are  the  largest  lead-mines  in  the  world,  and  that  the  royaltieBor 
freehold  rights  of  mining  belonging  to  Mr.  Beaumont  in  the  county  of  Nocthiunberiaad 
alone,  extend  over  more  than  a  hundred  square  miles,  in  addition  to  extensive  leaedioM 
mines  in  the  county  of  Durham. 

"  At  the  Ballycoms  lead  smelting  works,  near  Dublin,  a  long  chimney  has  lately  been 
carried  up  the  side  of  the  hill  for  a  distance  of  about  a  mile,  the  cost  of  the  constractioa 
being  repaid  by  the  lead  regained  fh>m  it." 
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When  the  igneoos  rocks  are  of  such  a  nature  as  not  readily  to  afford  open 
fissures,  as  is  the  case  with  the  toadstone  of  Derbyshire,  the  Great  Whin-sill  of  the 
Northern  counties,  and  other  similar  rocks,  their  presence  is  obviously  unfayour- 
able  to  the  continuity  of  wide  metalliferous  fissures.  The  toadstones,  indeed,  are 
mainly  contemporaneous  with  the  limestones.  In  the  leyels  of  some  of  the  mines 
near  Bakewell,  there  occur  cayemous  holes  in  the  lower  part  of  a  bed  of  limestone, 
from  which  nodular  masses  of  the  toadstone,  on  which  the  limestone  rests,  have 
been  excavated,  in  a  more  or  less  decomposed  state.  This  shows  that  the  lime- 
atone  has  been  deposited  on  a  rough  surface  of  toadstone,  and  has  enclosed  these 
masses.  It  has  also  been  proved  that  the  same  veins,  which  are  rich  in  lead  ore 
above  a  bed  of  toadstone,  and  seem  to  end  entirely  on  coming  down  to  it,  are  to 
be  found  in  the  limestone  below  it,  with  the  same,  or  nearly  the  same,  line  of  hade 
and  direction,  and  the  same  contents  as  above  the  toadstone.  In  the  same  way, 
in  the  north,  the  veins  lose  their  contents  on  coming  down  to  the  Great  Whin-sill ; 
but  that  the  whin-sill  was  there  before  the  formation  of  those  veins  is  shown  by 
the  fact  that  the  throw  of  the  bed  of  whin-sill  by  these  veins  and  faults  is  exactly 
equal  and  similar  to  the  throw  of  the  other  beds.* 

Siiooesaive  Formstion  of  Mineral  Veins. — The  mineral  substances  fill- 
ing these  veins  usually  occur  in  duplicate  bands  (see  Fig.  117,  p.  295),  of  which 
there  may  be  a  number  of  pairs.  The  material  coating  each  wall  of  the  vein  is 
commonly  the  same  on  both  sides,  and  each  is  covered  by  a  series  of  similar  layers, 
till  they  meet,  or  are  only  separated  by  a  single  distinct  layer,  forming  the  centre 
of  the  vein.  It  is  evident,  from  this  arrangement,  that  the  filling  of  each  vein 
must  have  been  a  long-continued  process,  of  which  each  pair  of  separate  deposits 
represents  one  of  the  stages.  We  may  either  suppose  that  the  fissure  received  its 
full  width  at  first,  and  was  gradually  filled  up  by  those  successive  depositions,  or, 
more  probably,  that  it  was  widened  at  intervals,  and  that,  between  these  repeated 
widenings  the  various  mineral  layers  were  deposited. 

Connection  of  Mineral  Veins  with  the  Surface. — In  some  cases  water- 
worn  pebbles  and  other  foreign  substances  are  found  in  mineral  veins,  indicating 
the  former  connection  of  the  fissures  with  the  surface.  On  this  subject  the 
student  will  find  some  very  interesting  matter  in  the  work  entitled  Notes  on  the 
Oeology  and  Mineralogy  of  Santander  and  Jiadridt  by  Dr.  W.  V.  Sullivan  and 
J.  P.  0*ReiUy.t 

The  province  of  Santander  is  a  mountainous  district,  composed  of  massive  lime- 
stones, dolomites,  and  sandstones,  belonging  chiefly  to  the  Jurassic  and  Cretaceous 
periodjB,  but  without  a  trace  of  any  igneous  rock.  The  rocks  are  often  traversed  by 
large  contortions  and  faults,  and  the  limestones  and  dolomites  especially  are  tra- 
versed by  many  mineral  veins,  which  contain  ores  of  zinc  in  the  greatest  abundance, 
with  the  occasional  occurrence  of  ores  of  lead,  copper,  iron,  and  other  metals.  The 
veins  seem  chiefly  to  be  analogous  to  gash  veins  or  pipe  veins,  and  some  of  those 
in  the  limestones  and  dolomites  are  certainly  of  the  latter  class.  In  the  Dolores 
ndne,  in  the  valley  of  the  river  Udias,  a  cave  was  discovered,  the  floor  and 
walls  of  which  were  covered  with  **  white  ore,"  a  pure  hydrocarbonate  of  zinc, 
of  snow-like  whiteness,  and  in  this,  coated  with  the  zinc  ore,  were  found  the  bones 
of  many  of  the  animals  which  have  most  recently  become  extinct — bones  of  deer, 
three  teeth  of  Elephas  primigenius  or  Mammoth,  the  bones  and  teeth  of  a 
EhinoceroSi  and  many  others.  Dr.  Sullivan  gives  chemical  reasons  for  believ- 
ing that  the  bones  had  suffered  little  from  decay  at  the  time  in  which  they 
became  enveloped  in  the  ore.  He  also  gives  some  interesting  details  of  spars 
and  ores,  silicates  as  well  as  carbonates  being  observed  in  the  act  of  formation, 
as  they  passed  from  thejluid  through  the  colloid  into  the  crystalline  state. !( 

*  See  the  •ections  in  Mr.  WaUaoe's  work,  already  cited. 
1  Published  by  WUliams  and  Norgate,  in  186S.  t  Op.  eU.  p.  97,  et  $eq. 
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It  sometimes  happens  that  these  extraneous  or  snrface^erived  materials 
furnish  us  with  evidence  of  the  geological  date  at  which  the  veins  opened  up  to 
the  surface,  or,  at  least,  commxmicated  with  some  subterranean  wateissourse,  which 
was  supplied  with  water  from  the  surface.  Mr.  C.  Moore,  of  Bath,  has  given 
an  account  of  his  discovery  of  many  land  and  f^^sh- water  foanls,  belonging  to  the 
Liassic  period,  at  depths  of  270  feet  in  the  mineral  veins  in  the  Carboniferous 
Limestones  of  the  Mendips,  and  of  parts  of  South  Wales.* 

Taking  these  facts  in  connection  with  tlie  statements  as  to  the 
growth  of  crystals,  of  both  spar  and  ore,'in  the  deserted  galleries  of  old 
mines,  there  seems  nothing  unreasonable  in  the  supposition  that  what- 
ever may  be  the  geological  antiquity  of  the  rocks  which  enclose  mineral 
veins,  or  of  the  fissures  and  cavities  which  traverse  the  rocks,  the 
period  during  which  the  spars  and  ores  were  deposited  in  those  veins 
may  be  much  more  recent,  and  very  extended ;  and  in  many  cases  that 
deposition  may  be  even  still  going  on. 

*  Quart.  Jour.  Gtol.  Soe.,  vol.  zxiii  p.  483 ;  and  Brit,  Aisoc  Sep.  for  1S69. 


Section  IL 
SUBFACE  AGENCIES. 

CHAPTER   XXI. 

THE  ATMOSPHERE. 

The  geological  agencies,  whose  mode  of  working  and  effects  have  now  to 
be  considered,  are  those  which  act  on  the  surface  of  the  globe.  They 
consist  of  the  atmosphere,  of  the  water  which  circulates  as  lain,  springs, 
snow,  ice,  and  rivers  between  land  and  sea,  of  the  ocean,  and  of  the 
agencies  of  plant  and  animal  life.  All  these  various  forces  are  so 
intimately  blended  in  their  operations  that  we  cannot  adequately  realise 
the  work  performed  by  any  one  unless  taken  in  conjunction  with  the 
others.  Hence  no  systematic  subdivision  of  them  can  be  other  than 
arbitrary  and  artificial  For  the  sake  of  the  convenience  of  a  geological 
arrangement  we  may  group  them  as  follows : — 1.  The  influence  of  the 
atmosphere  in  destroying  rocks  and  forming  new  deposits.  2.  The 
conservative,  destructive,  and  reproductive  effects  of  vegetable  and 
animal  life.  3.  The  results  of  the  circulation  of  water  between  land 
and  sea.     4.  The  geological  action  of  the  sea. 

1.  The  Atmosphere. 

Though  sharp  lines  of  demarcation  cannot  be  drawn  between  the 
varions  ways  in  which  the  atmosphere  affects  the  surface  of  the  land,  we 
may  yet  recognise  that,  on  the  one  hand,  it  shows  a  tendency  to  dis- 
int^rate  and  remove  the  superficial  parts  ;  and,  on  the  other,  to  heap 
up  the  disintegrated  materials  into  new  deposits.  In  the  former  opera- 
tion the  action  is  partly  mechanical  and  partly  chemical — in  the  latter 
it  is  almost  wholly  mechanical.  It  is  to  be  noted,  however,  that  when 
we  speak  of  the  destructive  or  reproductive  effects  of  the  atmosphere, 
or  of  any  other  geological  agent,  we  do  not  necessarily  imply  that 
anything  useful  to  man  is  either  destroyed  or  reproduced,  still  less 
that  anything  is  destroyed  in  the  sense  of  annihilation.  We  shall  find, 
on  the  contrary,  that  the  destructive  effects  of  the  atmosphere  help  to 
turn  barren  rock  into  rich  soil,  while  its  reproductive  effects  often  turn 
rich  land  into  barren  desert    The  two  terms,  therefore,  are  used  in  a 
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strictly  geological  sense,  to  denote  the  removal  of  material  firom  one  place, 
and  its  re-deposition  in  a  new  form  in  another. 

a.  Destruotive  XSffects. 

Weathering  of  Books. — ^Under  the  name  of  "  weathering**  are  in- 
cluded the  various  modes  in  which  the  surfaces  of  rocks  exposed  to  the 
weather  decay.  This  decay  is  effected  partly  by  the  chemical  action  of 
air  upon  rocks,  partly  by  the  loosening  influence  of  great,  and  espedaUy 
rapid  changes  of  temperature,  {>artly  by  the  chemical  and  mechanical 
effects  of  rain,  and  partly  by  the  expansive  and  disintegrating  effects  of 
frost  The  action  of  rain  and  of  frost  will  be  more  particularly 
described  in  the  sequel.  The  chemical  influence  of  the  atmosphere 
upon  rocks  consists  chiefly  in  the  oxidation  of  those  minerals  which 
can  contain  more  oxygen,  as  in  the  peroxidation  of  protoealts  of  iron, 
and  in  the  absorption  of  carbonic  acid  by  rocks,  and  the  production  of 
carbonates  and  bicarbonates,  which  still  further  aid  in  the  process  of 
decomposition.  The  mechanical  effects  of  extreme  changes  of  tempera- 
ture are  seen  in  the  way  in  which  different  rocks  expand  and  contract 
Allusion  has  already  been  made  to  the  experiments  of  Colonel  Totten, 
in  America,  which  were  suggested  by  the  impossibility  of  making  tight 
joints  of  masonry  in  a  country  where  the  annual  range  of  temperature  is 
more  than  90*^  Fahr.*  The  alternate  expansion  and  contraction,  more 
especially  when  it  takes  place  rapidly,  tends  to  disintegrate  the  surface 
of  the  rocks  into  sand,  or  to  make  it  crack  off  in  skins  or  irregular 
fragments.  Dr.  Livingstone  mentions  that  in  Africa  (lat  12  &,  long. 
34  £.)  he  fo\md  the  rocks  which,  during  the  day,  were  heated  up  to  137^ 
Fahr.,  had  their  surfaces  so  rapidly  cooled  by  radiation  at  night,  that  the 
contraction  was  such  as  to  split  the  stone,  and  to  throw  off  sharp  angular 
fragments  from  a  few  ounces  to  one  or  two  hundred  pounds  in  weightt 

The  manner  in  which  rocks  yield  to  weathering  is  regulated  chiefly 
by  their  composition  and  texture.  Of  those  which  are  not  readily 
altered  chemically,  the  more  porous  varieties  yield  more  easily  to  dis- 
integration than  the  more  compact  Of  those  which  are  prone  to 
chemical  alteration,  such  as  are  rich  in  carbonate  of  lime,  as  common 
limestone  or  chalk,  are  most  rapidly  wasted.  Purely  siliceous  rocks  are 
those  least  affected,  purely  calcareous  rocks  are  those  most  affected  by 
weathering.  The  relative  hardness  of  the  rocks  has  no  necessary  rela- 
tion to  the  nature  or  rapidity  of  their  mode  of  weathering.  Soft  day, 
where  protected  from  the  influences  of  running  water,  may  resist  the 
action  of  the  weather  longer  than  crystalline  limestone,  though  runnels 
of  water  will  of  course  cut  a  channel  in  the  clay  more  rapidly  than  in 
the  limestone.  The  student  who  wishes  to  pursue  the  subject  of  the 
chemical  changes,  and  the  nature  of  the  products  in  the  weathering  of 

•  See  onte,  p.  S67.  f  LIvlngifcone't  Zambui,  pp.  492,  61«. 
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rocks,  should  consult  such  works  as  those  of  Bischof,  Roth,  Senft,  etc^  The 
following  illustrations  are  all  that  the  space  of  this  work  will  admit  of: — 

LimesUme. — Pore  limestone  gives  rise  to  little  or  no  soil,  and  forms  therefore 
bare  ridges  and  hills.  The  reason  of  this  is,  that  the  carbonic  acid  absorbed  by 
rain  fh>m  the  atmosphere  dissolves  the  rock  and  removes  it  in  solution.  Those 
limestones,  however,  which  contain  much  silica,  or  silicate  of  alumina,  and  some 
protoxide  of  iron,  diffused  through  their  mass,  are  converted  into  the  substance  known 
as  roUenstoney  by  the  action  of  the  weather  dissolving  and  removing  the  carbonate 
of  Ume,  leaving  the  fine-grained  rusty  siliceous  matter.  Calcareous  sandstones  some- 
times weather  in  a  similar  way,  the  hard  quartz  grains  projecting  from  the  surface 
of  the  rock  until  eventually  washed  off,  as  the  calcareous  matter  is  dissolved. 

DoUtmxU, — In  some  of  the  bands  and  veins  of  dolomite  that  travei-se  the 
Carboniferous  limestone  of  Ireland,  the  magnesian  part  falls  into  a  sand  of  minute 
crystals  which  have  separated,  apparently  under  the  influence  of  the  weather,  in 
consequence  of  the  perfect  formation  of  each  crystal,  while  the  imperfect  crystals 
of  the  a^'acent  crystalline  limestone  have  remained  interlaced  and  still  form  a  solid 
marble.  The  separated  crystals  of  the  dolomite  do  not  seem  more  decomposed 
than  do  those  of  the  limestone. 

DoUritic  Mocks. — These  rocks  consist  essentially  of  labradorite,  augite,  and 
titauoferrite.  The  felspar  weathers  by  the  conversion  of  its  silicate  of  Ume  into 
carbonate,  which  is  removed  in  solution.  The  augite  has  i\8  protosilicate  of  iron 
converted,  by  addition  of  oxygen  &om  the  atmosphere,  into  persilicate,  and  its 
silicate  of  lime  is  changed  by  carbonic  add  into  carbonate,  f  Doleritic  rocks  have 
consequently  a  crumblkig  crust  of  decomposed  and  decomposing  minerals,  which 
fall  down  into  sand  and  loam,  to  form  new  and  usually  excellent  soiL  In  some  cases, 
where  the  disintegration  proceeds  to  a  greater  depth,  the  rock  can  be  dug  out  with 
the  spade,  as  a  brown  higUy  ferruginous  sand ;  in  which,  however,  the  characteristic 
globular  internal  arrangement  of  the  rock  is  sometimes  very  well  retained. 

Granite. — ^The  extent  to  which  granite  and  gneiss  are  sometimes  weathered  is 
very  wonderfuL  In  many  cases  hiUs  of  granite  admit  of  being  dug  into  by 
pickaxe  and  spade,  to  a  depth,  in  some  places,  of  20  or  30  feet,  the  crystals  of 
quartz,  felspar,  and  mica,  no  longer  adhering  to  each  other.  That  these  crystals 
have  not  been  transported  as  debris,  is  proved  not  only  by  their  angular  chuacter 
and  their  occupying  their  natural  positions  with  respect  to  each  other,  and  there 
being  no  signs  of  arrangement  in  layers,  but  also  by  the  occurrence  of  small 
branching  quartz  veins  sometimes  running  through  the  mass,  just  as  they  do 
through  solid  granite,  showing  that  it  is  really  a  granite  decomposed  in  aiiu.  In 
Devon  and  Cornwall  this  decomposed  granite  is  known  as  ''growan."^ 

Depth  of  weathered  hand  no  test  of  the  rapidity  of  toeathering  of  the 

rock. — It  must  be  particularly  borne  in  mind  that  the  depth  of  the 

weathered  band  round  any  block  of  rock  is  by  no  means  a  proof  of  the 

ease  or  rapidity  with  which  it  yields  to  the  influence  of  the  weather, 

*  Bischof  *8  Cktmioal  Geology  (Cavendish  Society's  translation)  is  a  storehouse  of  fiicts. 
Both's  prolonged  researches  from  1861  to  1808  tiirow  light  on  the  weathering  of  the  crys- 
talline rocks,  and  wiU  be  found  reprinted ^firom  the  TmrnaactionAdiftheBoy.  Aoad.  Sdenoei  of 
Btrlin^  as  a  separate  work,  lieUrdge  zur  Petrographie  der  Plutonischen  GtsUine,  Berlin,  1869. 
Benft's  recent  Lekrbueh  der  Mineralien  und  FeUartmkunde  (Jena,  1869)  gives  some  details 
regarding  the  weathering  of  rocks  and  minerals ;  and  reference  may  also  be  made  to  his 
StHntchntt  und  Erdbodm  (1867),  and  his  Humui,  Manek,  Tor/,und  lAmonUbUdunifen  (1862). 

t  Bischof,  IL  330. 

t  It  ii  frequently  mentioned  in  different  papers,  published  by  the  Boyal  Geological  Society 
of  Comwall.  In  a  paper,  in  the  4th  volume,  by  Mr.  J.  Hawkins,  soft  "  growan"  Is  said  to 
ccur  in  the  mine  at  Carclaze,  at  a  depth  of  188  feet  flrom  the  surlkce. 
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but,  on  the  contrary,  may  be  an  evidence  of  the  extent  to  wbicb  it 
resists  it  Pure  limestones,  as  Las  been  already  remarked,  wiU  not 
exhibit  any  weathered  band,  because  the  carbonic  acid  of  the  rain 
almost  at  once  dissolves  and  removes  the  particles  it  acts  upon,  so  that 
the  more  crystalline  particles  stand  out  in  relief.  It  is  only  very 
impure  limestones  that  yield  "  rottenstone."  Even  with  igneous  rocks 
the  composition  may  be  such  that  those  which  weather  most  rapidly 
may  not  show  the  greatest  depth  of  weathered  band  beneath  the  sur- 
face, owing  to  the  removal  of  the  particles  as  soon  as  disintegrate 

Effidcts  of  "Wind. — Geological  changes  are  brought  about  by  the 
mechanical  eflfects  of  wind.  Sand  driven  by  prevalent  winds  over  rocks 
scratches  and  polishes  them.  It  is  said  that  at  Cape  Cod  holes  have 
even  been  drilled  in  window  glass  by  the  same  agency.*  The  influence 
of  wind  in  raising  waves  on  lakes  and  on  the  sea  may  be  referred  to 
here,  although  wave-action  falls  to  be  noticed  in  a  subsequent  part  of 
this  section.  Hurricanes  are  likewise  geological  agents  upon  land,  in 
uprooting  trees,  and  thus  sometimes  impeding  the  drainage  of  a  country, 
and  giving  rise  to  the  formation  of  peat-mosse3.t 

/3.  Reproductive  Effeots. 

Soil. — Although  rocks  are  disintegrated  by  the  atmosphere,  their 
detritus  is  not  destroyed.  Part  of  it  is  washed  away  by  rains  and 
streams,  but  part  remains  on  the  land,  and  gives  rise  to  new  soiL  All 
soil  is  the  result  of  the  decomposition  of  rocks  mingled  with  decayed 
vegetable  and  animal  matter.  If  rain  did  not  come  into  play,  and  wash 
the  materials  of  soil  to  a  greater  or  less  distance  from  their  source,  the 
soil  of  every  locality  ought  to  be  simply  the  decayed  upper  surface  of 
the  rocks  underneath.  But,  in  proportion  to  the  slope  of  the  ground 
and  the  quantity  of  rain,  the  soil  is  moved  horn,  higher  to  lower  levels, 
so  that  in  many  cases  a  good  soil  comes  to  lie  upon  rocks,  which  of 
themselves  would  only  produce  a  poor  soiL  The  action  of  rain  in  the 
formation  of  soil  is  referred  to  in  Chapter  XXIIL 

Sand-hills  and  Dunes. — ^Wherever  prevailing  winds  blow  upon  loose 
materials,  such  as  sand,  they  tend  to  drive  them  onward,  and  pile  them 
into  irregular  heaps  and  ridges.  This  takes  place  characteristically  on  the 
windward  side  of  land  where  the  shores  are  sandy ;  but  it  is  also  to  be  seen 
even  in  the  heart  of  a  continent,  as  in  the  sandy  deserts  of  the  Sahara  and 
of  Arabia.  Along  low  sandy  coasts,  hills  are  formed  of  drift  sand,  which 
sometimes  reach  a  height  of  200  or  300  feet.  These  hills  are  commonly 
called  *'  dunes."  They  have  been  described  as  advancing  on  the  low  shores 
of  France,  in  the  Bay  of  Biscay,  at  the  rate  of  60  and  70  feet  per  annum, 
overwhelming  houses  and  farms  in  their  progress.!   The  coast  of  Norfolk 

«  Dana's  Manwd,  p.  «31.  t  See  posUa,  p.  888. 

t  Thit  progress  has,  within  the  iast  quarter  of  a  centurjr,  been  arrested  by  the  planting 
of  pine  forests,  the  turpentine  of  which  has  become  the  source  of  a  laige  revenue. 
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is  in  some  places  bordered  with  sand-hills  50  to  60  feet  high.  Similar 
accumulations  take  place  on  the  coast  of  Cornwall,  where  the  sand, 
composed  largely  of  fragments  of  shells  and  corals,  becomes  converted 
sometimes  into  a  hard  stone  by  carbonate  of  lime  or  oxide  of  iron.* 

Large  areas  of  blown  sand  are  likewise  found  along  many  parts  of 
the  Scottish  coast  line.f  Along  the  south  coast  of  Wexford,  as  also  in 
Smerwick  harbour  (county  Kerry),  similar  accumulations  are  in  progress. 

^'  On  the  eastern  coast  of  Australia,"  says  Mr.  Jukes,  **  about  Sandy 
Cape,  this  process  is  going  on  on  a  still  larger  scale.  In  Port  Bowen, 
in  the  same  neighbourhood,  I  once  saw  a  very  good  instance  of  it  The 
rise  and  fall  of  tide  there  is  as  much  as  sixteen  feet ;  and,  at  low  water, 
great  sandbanks  are  exposed,  derived  from  the  shallow  sea  outside,  and 
the  waste  of  the  porphyritic  rocks  on  the  coast.  These  sandbanks 
rapidly  dry  under  the  hot  sun ;  and  the  trade-wind,  which  blows  home 
upon  the  shore,  then  drifts  the  sand  up  upon  the  beach,  and  piles  it 
into  hills  50  or  60  feet  high.  Behind  these  hills  is  a  huge  mangrove 
swamp,  which  ia  being  gradually  buried  under  the  advancing  sand, 
some  of  the  mangrove-trees  only  just  peering  above  it,  others  half 
covered,  and  so  on.  The  drift  of  sand  through  the  gaps  of  these  dunes 
was  exactly  like  a  snow-drift  in  a  heavy  storm,  whenever  the  wind  blew 
freshly.  Large  districts,  with  hills  of  200  or  300  feet  in  height,  are 
found  also  on  the  coasts  of  Western  Australia,  stretching  sometimes 
ten  miles  inland,  formed  of  loose  incoherent  sand,  once  apparently 
drifted  by  the  wind,  though  now  brought  to  rest  by  the  growth  of  a 
wide-spread  forest  of  gum-trees.  Parts  of  these  sands,  which  consist 
greatly  of  grains  of  shells  and  corals,  are  compacted  together  into  a 
stone,  hard  enough  to  be  used  for  building,  by  the  action  of  the  rain- 
water dissolving  some  of  the  carbonate  of  lime,  and  re-depositing  it  on 
evaporation.  Curious  cylindrical  stems,  from  one  inch  to  eighteen 
inches  in  diameter,  are  there  seen  projecting  from  the  soil,  and  have 
been  taken  for  petrified  trees,  which  they  greatly  resemble ;  but  I 
observed,  in  1842,  a  number  of  these  supposed  trees  exposed  in  a  little 
cove,  south  of  the  entrance  of  Swan  River,  ending  downwards  in  taper- 
ing forms  like  stalactites ;  and  I  believe  them,  therefore,  to  have  a 
stalactitic  origin,  due  to  the  percolation  of  water  down  particular  pipes 
and  channels  in  the  sand. 

^  In  the  interior  of  great  dry  continents  there  are  great  vast  spaces 
covered  with  sand  and  sand-hills,  which  are  shifted  and  carried  about 
by  the  wind,  just  as  some  sandbanks  are  deposited  now  here  now  there, 
carried  about  by  the  water.  We  have  but  to  recall  to  the  mind  of  the 
reader  the  well-known  stories  of  caravans  crossing  the  desert,  being  met 
and  sometimes  overwhelmed  by  moving  columns  of  sand,  and  the  way 
in  which  many  of  the  temples  of  Egypt  have  been  buried  under  such 
«  De  k  B«ehe1  Manual.  X  Geikie's  Scenery  qf  Scotland,  p.  74. 
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accumulations,  for  him  to  see  that  this  action  cannot  be  altogether 
overlooked.  Egypt  would  probably  have  been  long  ago  obliterated  by 
driftHsand,  if  it  had  not  been  for  the  Nile,  and  the  strip  of  v^;etation 
that  accompanies  and  defends  it"  *  Mr.  Palgrave  has  given  a  graphic 
narrative  of  the  great  sandy  deserts  and  hills  of  Arabia,  while  Captain 
Sturt  reports  the  existence  of  vast  deserts  of  sand  in  the  interior  of 
Australia,  with  long  lines  of  great  sand-hills,  200  feet  high,  the  base 
of  one  touching  that  of  its  neighbours,  and  all  stretching  in  straight 
lines  each  way  to  the  horizon. 

Dust-showers,  Blood-rain. — In   hot    countries,   subject    to   great 
droughts  and  to  violent  hurricanes,  the  dust  and  sand  of  dried  lakes 
and  river-beds  is  sometimes  swept  up  into  the  upper  regions  of  the 
atmosphere,  where,  encountering  some  strong  aerial  current,  these  fine 
transported  materials  are  carried  for  hundreds  and  even  thousands  of 
miles,  and  descend  again  to  the  surface,  in  far-distant  regions,  in  the 
form  of  "  red-fog,**  "  sea-dust,"  "  sirocco-dust,"  or  blood-rain."     This 
far-carried  dust  is  of  a  brick-dust  or  cinnamon  colour,  and  is  sometunes 
so  abundant  as  to  darken  the  air  and  hide  the  sun,  and  to  cover  with  a 
thick  coating  the  sails  and  rigging  of  vessels  which  may  even  be  hun- 
dreds, of  miles  from  land.f     If  the  dust  encounters  rain,  it  mixes  ynth 
it,  and  falls  either  on  sea  or  land  as  what  is  popularly  called  **  blood- 
rain."     It  is  common  on  the  north-west  of  Africa,  about  the  Cape 
de  Verd  Islands,  also  in  the  Mediterranean  and  its  bordering  countries;. 
A  microscopic  examination  of  this  dust,  by  Ehrenberg,  has  shown  that 
it  is  lai^y  made  up  of  diatoms  of  South  American  species,  and  he 
infers  that  a  dust-cloud  must  be  "  constantly  swimming  in  the  atmo- 
sphere, by  means  of  continuous  currents  of  air,  and  lying  in  the  region 
of  the  trade-winds,  but  suffering  partial  and  periodical  deviations."    It  is 
easy  to  see  that  a  prolonged  continuance  of  this  action  must  give  rise  to 
wide-spread  deposits  of  dust,  mingled  with  the  soil  of  the  land,  and  with 
the  silt  and  sand  of  lakes,  rivers,  and  the  sea  ;  and  that  the  minuter 
organisms  of  tropical  regions  may  thus  come  to  be  preserved  in  the  same 
formations  with  the  terrestrial  or  marine  organisms  of  temperate  lati- 
tudes.]! 

Transportation  of  Seeds. —  The  same  cause  by  which  dust  and 
minute  animal  or  vegetable  organisms  are  carried  to  a  distance  of  many 
thousand  miles  through  the  air,  may  come  into  play  also  in  the 
transport  of  living  seeds,  which,  if  they  finally  reach  a  congenial 
climate  and  soil,  may  take  root, and  propagate.  We  are  yet,  however, 
very  ignorant  as  to  what  extent  this  cause  has  actually  operated  in  the 
establishment  of  any  given  local  flora. 

•  Juket,  In  last  edition  of  this  MannaL       f  Mauiy,  Phyncal  Geography  €(ftJu  Sea,  p.  144. 
t  See  Humboldt's  account  of  the  dust  whirlwinds  of  the  Orinoco,  in  his  Aap^eia  of  Naturt  ; 
also  Maury,  Op.  cU.  chap.  vi. ;  and  Ehrenbeig's  work,  Pcuaat-SUiub  und  Blut-Begtn,    1847. 


CHAPTER  XXII. 

GEOLOGICAL  ACTION  OF  PLANT  AND  ANIMAL  LIFE. 

Apart  from  their  own  interest  in  relation  to  the  history  and  distribu- 
tion of  life  npon  the  globe,  plants  and  animals  may  be  regarded  as 
geological  agents,  producing  by  their  growth  and  decay  certain  not  un- 
important geological  results.  We  may  consider  these  results  briefly, 
under  the  heads  of  Destructive,  Oonservatiye,  and  Reproductive  Action. 

a.  Destruotive  Action. 

Plants  bring  about  the  destruction  of  rocks  and  soils  in  several 
ways — Ist^  Their  roots  exert  a  direct  mechanical  force  when  they 
insert  themselves  into  the  joints  and  crevices  of  rocks,  and  cause  frag- 
mentSy  sometimes  of  considerable  size,  to  be  detached.  We  see  the 
same  action  at  work  when  a  tree,  which  has  found  footing  in  the  wall 
of  an  old  building,  sends  its  roots  through  rifts  of  the  ruin  and 
loosens  large  irregular  pieces  of  the  masonry.  2d,  Plants,  such  as 
mosses  and  liverworts,  keep  the  rocks  moist  on  which  they  grow,  and 
enable  water  to  lodge  upon  their  rock-surfaces  and  rot  them.  3d,  The 
decay  of  plants  of  all  kinds  gives  rise  to  the  formation  of  carbonic 
acid,  part  of  which,  being  absorbed  by  rain-water,  is  carried  down 
through  the  soil,  and  is  one  of  the  great  agents  in  effecting  the  decay 
and  chemical  changes  of  rocks.  4th,  Thick  woods  and  deep  mosses 
are  said  to  attract  rain,  and  if  so,  they  indirectly  tend  to  increase  the 
amount  of  denudation  in  a  country. 

AnimalB  exercise  a  less  markedly  destructive  action  upon  the  sur- 
face  of  the  earth.  The  most  familiar  examples  of  this  action  are 
furnished  to  us  by  the  smooth  long  cylindrical  holes  made  in  shore 
rocks  by  the  boring^hells,  and  in  the  timber  of  wooden  piers  or  ships 
by  the  teredo.  Local  changes  are  sometimes  brought  about  where  the 
^  course  of  a  stream,  or  the  drainage  of  a  district,  is  affected  by  the  con- 
structions of  the  beaver,  or  the  burrowing  habits  of  the  rabbit,  mole, 
etc 

/3.  ConBervative  Action. 

Plants  help  to  preserve  the  surface  of  the  land — Ist,  By  the  for- 
mation of  a  stratum  of  turf,  which  prevents  loose  soil  from  being 
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rapidly  washed  away  by  rains,  rivulets,  and  rivers,  and  keeps  rocks 
from  being  so  exposed  to  weathering  as  they  would  otherwise  be.*  2d, 
By  binding  loose  materials  with  roots,  rootlets,  and  fibres,  as  is  done 
by  the  cariceM  upon  loose  sandhills,  and  by  the  roots  of  shrubs  and 
trees  along  the  margin  of  a  watercourse.  3d,  By  opposing  resistance 
to  the  destructive  action  of  floods  and  avalanches.  This  is  done  by 
forests  and  thickly-matted  underwood,  whereby  the  loose  materials, 
mud,  leaves,  etc.,  swept  down  by  inundations,  are  caught  and  retained, 
and  made  to  increase  the  depth  of  soil  and  to  resist  the  encroachments 
of  subsequent  floods  ;  also,  by  the  same  agency,  masses  of  descending 
snow  are  arrested  and  kept  from  descending  into  and  destroying  the 
cultivated  valleys  below.  Most  visitors  to  Switzerland  will  remember, 
among  others,  the  Bannwald  of  Altorf,  which  is  carefully  guarded  as 
a  protection  from  the  falls  of  snow  and  rock  hovcL  the  overhanging 
mountains. 

Animals  do  not  exert  any  material  conservative  action  upon  the 
surface  of  the  earth,  except  in  so  far  as  they  form  new  deposits — an 
action,  however,  which  falls  to  be  described  in  the  following  para- 
graphs. 

7.  Beproduotiva  Action. 

Not  only  do  plants  and  animals  help  in  various  ways  both  to 
disintegrate  and  to  preserve  the  present  surface  of  the  earth,  they  form, 
by  the  accumiilation  of  their  remains,  new  deposits  of  great  geological 
importance.  This  action  has  also  been  in  progress  from  the  earliest 
geological  times,  and  has  given  rise  to  almost  all  the  limestone  for- 
mations of  the  globe,  as  well  as  to  others  of  much  interest  and  Talue 
in  geological  history.  To  trace  the  geographical  distribution  of  plants 
and  animals,  their  relation  to  climate,  and  the  conditions  which  are 
favourable  or  not  to  their  development,  belongs  to  natural  history  rather 
than  to  geology.  But  some  remarks  will  be  oflered  on  these  questions 
in  the  part  of  this  Manual  which  treats  of  palaeontology.  In  the 
meantime  we  are  concerned  only  with  the  mode  in  which  plants  and 
animals  make  new  formations  over  the  surface  of  the  globe. 

Plant  Formationa. — In  temperate  and  arctic  climates  certain  plants 
(spha^um,  etc),  form  in  moist  hollows  and  level  spaces  wide  and  deep 
accumulations  of  their  remains,  to  which  the  name  of  peat-moeaes  or 
bogs  is  applied.  The  roots  of  these  plants  decay,  while  the  upper  enr- 
face  continues  to  grow ;  and  in  this  way  deposits  of  peat,  10,  20, 
or  even  40  feet  in  thickness  are  formed.  The  peat  is  loose  and  fibrous 
at  the  top,  but 'becomes  firmer  further  down,  till  at  the  bottom  of  a 

*  See  Elie  de  Beanmont'i  Legona  <U  GMogU  Pratiqw,  184S,  tome  i.  p.  185  «(  M9.  Tbe 
conservative  effects  of  turf  are  much  exaggerated  by  many  writers,  as,  for  ezampl«i  by  M. 
de  Beaomont  in  tbe  work  just  cited.  His  argoments  are  given  in  Chapter  XXV.  of  this 
Ifannal. 
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deep  moss  it  is  sometimes  so  compact  as  to  resemble  brown  lignite. 
There  are  some  lai^e  mosses  in  the  British  Islands ;  and  they  are  said  to 
cover  about  a  tenth  of  the  surface  of  Ireland.  They  are  extensively 
developed  also  in  some  parts  of  France,  in  the  United  States,  and  in 
Canada. 

Some  of  the  British  mosses  are  believed  to  have  been  formed  by 
the  extensive  destruction  of  forests  by  human  agency,  from  the  time  of 
the  Romans  downwards.  Others  have  arisen  from  the  destniction  of 
forests  by  storms.  In  such  cases,  the  marsh  plants  spring  up,  owing  to 
the  way  in  which  the  prostrated  trees  interrupt  the  drainage  of  the 
country,  and  the  trunks  are  gradually  enveloped  in  and  buried  under 
a  growth  of  peat  Many  peat-mosses  have  evidently  at  one  time  been 
lakes,  the  water  having  been  gradually  displaced  by  the  growth  of 
v^etable  matter. 

Men  and  animals  are  often  lost  in  soft  swampy  peat- bogs.  The 
<pe&t  has  an  antiseptic  property,  whereby  the  flesh,  skin,  and  hair,  as 
well  &s  the  bones  of  animcJs,  are  preserved,  or  sometimes  in  part  con- 
verted into  adipocere.* 

The  mangrove  swamps  of  tropical  countries  are  another  instance 
of  the  gradua.1  displacement  of  water  and  increase  of  land  by  the 
growth  and  decay  of  vegetables.  These  swamps  perhaps  furnish  the 
nearest  parallel  at  present  existing  to  the  way  in  which  coal  was 
formed.  Chemical  analysis  shows  that  a  gradation  can  be  traced  from 
the  composition  of  ordinary  wood  through  peat  and  lignite  to  the  most 
mineralised  forms  of  coaL 

The  following  Table  contains  the  mean  comx>osition  of  wood,  the  mean  of  three 
analyses  of  peat,  of  four  sets  of  analyses  of  lignite,  comprising  twenty  specimens, 
of  sixty-seven  analyses  of  coal,  and  the  extreme  of  several  analyses  of  different 
kinds  of  anthracite,  f 

Composition  op  Carbonaceous  Substances, 


Carbon. 

Hydrogen. 

O^gen  and 
Nitrogen. 

Earthy  Sabstances 
or  Ash. 

Wood 
Peat  . 
Lignite 
Coal  . 
Anthracite . 

491 
641 
69-8 
821 
95*0 

6-8 
6-6 
6-6 
6-5 
3-92 

44-6 
40-1 
26-3 
12-4 
8-45 

Min.        Max. 

4-6    to  10-0 
0-8    to  47-2 
0-24  to  35-5 
0-94  to    7-07 

•  For  aeoounti  of  peat  and  mosset,  see  Rennie*g  Estays  on  Ptat,  1810 ;  Steele's  Peat- 
mo$t  or  Twrf-hog,  1826 ;  Gelkie'g  Scenery  qf  Scotland,  p.  827 ;  Mr.  James  Geikie  "  On  Peat," 
Trant.  Bojf.  Soe.  Sdin,  vol.  xziv.  p.  863. 

t  Bischof,  Op.  cU.  voL  L  chap.  xv. 
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Animal  Formations. — The  softer  parts  of  animal  OTganisniB  almost 
always  decay,  and  are  resolved  into  water,  ammonia,  carbonic  acid,  etc 
The  harder  parts,  however,  often  accumulate  and  form  extenflive 
deposits.  On  land  which  lies  in  a  rainless  or  nearly  rainless  tracts  the 
droppinjgs  of  sea-birds  gather  into  thick  beds  of  what  is  known  as 
gucnw,  Cin  fresh  water  the  remains  of  molluscs  and  calcareous  alg» 
form  deposits  of  fine  white  calcareous  mud  called  marl,  >^hich,  on 
dried  lake-bottoms,  is  often  dug  for  agricultural  purposes. 

**  The  beds  of  the  lakes  in  the  limestone  districts  of  Ireland  hare  often  a  thick 
deposit  of  white  mnd,  which,  when  dry,  is  almost  like  flour  in  appearance,  and  is 
wholly  soluble  in  acids.  It  is  full  of  undecomposed  fresh-water  shells  of  ordinary 
liring  species,  but  does  not  itself  disclose  any  trace  of  an  organic  origin.  My 
friend.  Dr.  J.  Barker,  of  Dublin,  subjected  some  of  it,  at  my  request,  to  a  careful 
microscopical  examination,  but  could  discover  no  trace  of  organic  stractore. 
Around  lakes  that  have  been  partially  drained,  large  deposits  of  this  substance, 
several  feet  in  thickness,  may  be  seen ;  and,  in  sounding  some  of  the  lakes,  I 
usually  found  the  lead  sank  into  and  came  up  partially  coated  with  this  sub- 
stance. 

"  In  some  parts  of  the  shores  of  the  lakes  there  are  accumulations  of  small 
nodular  concretionary-looking  balls  of  about  half-an-inch  in  diameter,  which  Dr. 
Allman,  of  Edinburgh,  told  me  were  a  species  of  nullipore.  It  is  only  in  the 
lakes  in  limestone  districts  that  this  deposit  is  conspicuous."*  - 

In  the  sea  animal  remains  form  much  more  important  deposits 
than  on  land  or  in  fresh  water.  The  accumulation  of  shells  and 
corallines  gives  rise  to  the  formation  of  shell-limestone.  The  droppings 
of  fish,  and  the  shells  of  lingulse,  and  some  other  molluscs,  form  phoo- 
phatic  nodule8.t  Calcareous  foraminifera  exist  in  such  nnmbers  on 
some  parts  of  the  ocean-floor  as  to  form  there  enormous  deposits  of  a 
chalky  mud,  which  closely  resembles  chalk  in  character  and  origin, 
and  which,  according  to  Professor  Wyville  Thomson,  may  really  have 
been  formed  continuously  ever  since  the  cretaceous  period  by  Uie 
lineal  descendants  of  the  organisms  which  formed, the  chalk.  Siliceous 
diatoms,  along  with  the  spicula  of  sponges,  furnish  the  materials  for 
siliceous  layers  and  nodules,  like  the  flints  of  the  chalk.  Lastly,  enormous 
masses  of  limestone  are  formed  along  the  margins  of  islands  and  conti- 
nents, and  over  submerged  land,  by  the  coral-polyps.  The  following 
details!):  may  be  of  interest  to  the  student  : — 

Siliceous  Deposits. — To  account  for  the  deposition  efi^ilica  on  the  bed  of 
the  sea,  where  evaporation  is  not  possible,  we  are  corapelleo,  as  in  the  case  of 
limestone,  to  call  in  the  aid  of  the  x>ower8  of  animal  life.  The  minute  shells  of 
many  of  the  Foraminifera,  as,  for  instance,  the  PotycysHtux,  are  composed  of 
silica,  which  they  have  extracted  from  the  water  of  the  sea.  §  Some  kinds  at  - 
rock,  such  as  Tripoli,  or  polishing  slate,  are  entirely  made  up  of  these  microscopic 

•  MS.  by  Mr.  Jukes.  f  Bee  ante,  p.  318,  noU.  t  By  Mr.  Juke& 

I  There  is  a  sandstone  in  Barbadoes  which  prevails  through  an  extensive  district  in  that 
island,  which  is  composed  of  the  siliceous  skeletons  of  Polycy^na,  more  or  less  irmly 
united  by  a  calcareous  cement  (Carpenter's  Foramini/hu,  Boy.  Soe.  p.  21X 
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substanoes,  some  beds  thus  formed  being  many  fathoms  in  thickness  and  many 
miles  in  extent,  AU  seas,  from  the  equator  to  the  poles,  abound  with  these 
minute  organisms.  They  have  been  found  living  eren  in  ice.  The  phosphor- 
escence of  the  sea  is  due  to  the  presence  of  organic  beings,  a  large  proportion  of 
which  are  siliceous-cased  infusoria,  whether  belonging  to  the  animal  or  vegetable 
kingdom.  According  to  Ehrenberg,  there  are  formed  annually  in  the  mud 
deposited  in  the  harbour  of  Wismar,  in  the  Baltic,  17,946  cubic  feet  of  siliceous 
organisms.  Although  it  takes  a  hundred  millions  of  these  animalcules*  to  weigh 
a  grain,  Ehrenberg  collected  a  pound  weight  of  them  in  an  hour.  So  prolific  are 
they,  moreover,  that  **  a  single  one  of  these  animalcules  can  increase  to  such  an 
extent  during  one  month,  that  its  entire  descendants  can  form  a  bed  of  silica  25 
square  miles  in  extent,  and  1}  foot  thick."  As  a  parallel  to  Archimedes,  who 
declared  he  could  move  the  earth  if  he  had  a  lever  long  enough,  we  may  say  : — 
"Give  us  a  mailed  animalcule,  and  with  it  we  will  separate  all  the  carbonate 
of  lime  and  silica  from  the  ocean."  The  silica  thus  rendered  solid  may  either 
be  deposited  alone,  or  may  be  mingled  with  the  calcareous  matter  deposited 
on  the  bed  of  the  sea.  If  the  siliceous  be  di£fused  in  a  fine  state  of  division 
pretty  equally  through  the  calcareous  matter,  it  may  perhaps  be  consolidated  in 
that  state  of  diffusion,  producing  a  siliceous  limestone,  or  it  may,  in  obedience  to 
certain  chemical  laws,  segregate  itself,  more  or  less  completely,  from  the  calcareous 
matter,  and  form  either  distinct  layers  and  veins,  or  concretionary  balls  and  nodules. 
The  presence  of  a  body,  itself  consisting  largely  of  silica,  such  as  many  sponges, 
will  facilitate  and  determine  this  process,  affording  a  centre  of  attraction  for  the 
siliceous  particles  to  collect  around  it  from  the  adjacent  matter. 

The  small  proportion  which  the  siliceous-cased  animalcules  bear  to  those  that 
secrete  calcareous  matter,  explains  the  fact  that  the  siliceous  rocks,  to  which  we 
must  attribute  an  organic  origin,  rarely  occur  in  large  continuous  masses,  but  are 
usually  dispersed  in  nodular  concretions,  or  thin  layers,  through  the  mass  of  the 
calcareous  or  other  rocks. 

Caloareous  DepoaitB. — ^The  shells  of  Molluscous  animals  consist  chiefly  of 
carbonate  of  lime,  so  do  the  crusts  of  the  Crustacea  and  Echinodermata,  and  as 
we  descend  still  lower  to  the  Polyps  and  Foraminifera  we  meet  with  animals  that 
secrete  still  larger  quantities  of  that  substance,  not  only  larger  in  proportion  to 
their  own  bodies,  but  much  larger  absolute  bulks  of  it,  in  consequence  of  their 
numbers.  Although  the  quantity  of  carbonic  acid  gas  in  the  sea  is  so  great  as  to 
keep  fluid  all  the  lime  which  is  already  dissolved  in  it,  and  even  a  good  deal  more 
&an  sufficient  for  that  purpose,  yet  it  does  not  immediately  exercise  its  solvent 
powers  on  the  carbonate  of  lime  that  has  been  secreted  by  the  organs  of  animals, 
since  the  organic  structure  seems  to  protect  it,  for  a  time  at  least,  from  the  merely 
chemical  action  of  the  acid.  Moreover,  the  concentration  of  so  large  a  propor- 
tionate nuu»  of  carbonate  of  lime  in  comparatively  small  spaces,  would  require  a 
long-continued  action  of  currents  of  sea-water  upon  it,  in  order  to  re-dissolve  it, 
since  no  portion  of  water  could  remove  more  than  one-tenth  per  cent  of  its  own 
bulk.t 

In  the  extra-tropical  seas,  it  would  seem  probable  that  Foraminifera  and  other 
allied  animals  are  the  most  active  agents  in  the  secretion  of  carbonate  of  lime. 
In  the  series  of  sounding  operations  conducted  across  the  Atlantic  by  the  officers 
of  the  British  and  United  States  navies,  preliminary  to  la3ring  down  the  electric 
tel^rraph,  it  was  found  that  large  parts  of  the  bed  of  the  Atlantic  were  covered 
with  a  calcareous  **  oaze."  Between  the  15th  and  i5th  degrees  of  west  longitude 
lies  the  deepest  part  of  the  ocean  between  Ireland  and  Newfoundland,  varying 

*  In  using  the  tenns  "animalcules'*  and  "infusoria,"  it  moat  be  borne  in  mind  that 
biologists  now  believe  many  of  them,  such  as  the  Diatomaceae,  to  be  vegetables, 
t  Bischof,  vol  iii  p.  IH. 
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from  about  1500  to  2400  fathoms,  the  bottom  of  which  is  almost  wholly  composed 
of  a  kind  of  soft  mealy  sabetance,  which  has  been  called  oaze.  This  substance  is 
remarkably  sticky,  having  been  found  to  adhere  to  the  soonding  rod  and  line 
through  its  passage  from  the  bottom  to  the  surlihce,  in  some  instances  Irom  a 
depth  of  more  than  2000  fathoms.  The  space  indicated  equals  a  distance  of 
more  than  1300  miles,  in  which  all  the  dred^ngs  except  two  indicated  the  same 
kind  of  bottom.  * 

Professor  Huxley  gives  a  description  of  the  oaze  derived  from  depths  between 
1700  and  2400  fathoms  (or  10,200  and  14,400  feet).  He  says,  ''A  singular  nni- 
formity  of  character  pervades  these  soundings.  As  they  lie  undisturbed  they  form 
an  excessively  fine  light  brown  muddy  sediment  at  the  bottom  of  the  bottles  in  which 
they  are  preserved  ;  but  in  this  mud  a  certain  slight  grittiness  can  be  detected, 
arising  fh)m  the  intermixture  of  minute  hard  particles  (hardly  ever  exceeding  l-SOth 
of  an  inch  in  diameter).  .  .  .  When  a  little  of  this  mud  is  taken  out  and  thoroughly 
dried,  it  beoomes  white  or  reddish-white,  and  (though  less  white)  closely  resembles 
very  fine  chalk,  and  fully  nine-tenths,  as  I  imagine,  by  weight  of  tiiis  deposit 
consists  of  minute  animi^  organisms  called  Foramintfera,  provided  with  thick 
skeletons  composed  of  carbonate  of  lime.  Hence,  when  a  dilute  acid  is  added  to 
the  mud,  a  violent  efiiervescence  takes  place,  and  the  greater  part  of  its  bulk  die- 
appears."  Professor  Huxley  believes  that  85  per  cent  of  the  whole  belong  to  one 
species  of  the  genus  Globigerina,  5  per  cent  to  other  calcareous  oiganisms  of  at 
most  four  or  five  species,  and  the  remaining  10  per  cent  consists  partly  of  mimite 
granules  of  quartz,  and  partly  of  animal  and  vegetable  (diatomaoeffi)  organisms 
provided  vnth  siliceous  skeletons  and  envelopes,  i* 

It  will  be  seen,  therefore,  that  the  materials  for  a  continuous  bed  of  limestone 
with  flint  nodules  are  now  being  deposited  in  the  North  Atlantic  over  a  space 
which  is  1800  mUes  in  diameter,  a  distance  equal  to  that  from  the  west  coast  of 
Ireland  to  the  borders  of  Russia,  or  fh>m  Paris  to  Constantinople.  In  the  second 
pamphlet  by  Captain  Dayman,  published  in  1859,  describing  the  line  of  soundings 
taken  to  the  Azores  in  1858,  he  states  that  he  found  precisely  similar  oaze  nearly 
down  to  latitude  45^,  so  that  the  deposit  appears  to  be  at  least  600  miles  broad. 

Coral  JReefs. — The  solidification  of  carbonate  of  lime  by  the  foroes  of  life  thus 
discovered  to  be  going  on  in  the  depths  of  the  NorUi  Atlantic,  is  doubtless  equally 
active  in  the  other  oceans,  both  witiiin  and  without  the  tropics.  In  many  parts 
of  the  intertropical  rogions  of  the  world,  however,  especially  in  the  Indian  and 
Pacific  Oceans,  another  class  of  animals,  namely,  the  Actinozoa,  produce  still 
greater  effects.  These  aro  merely  soft  gelatinous  animals»  consisting  of  little  else 
than  a  small  sac  or  stomach,  with  tentacles  arranged  round  its  maigin  to  assist  in 
supplying  it  with  food.  The  Actinia  or  Sea  Anemone  is  a  well-known  example  of 
these  animals.  Some  kinds  of  them  form  a  common  body,  by  the  union  of  a  great 
number  of  individuals,  just  as  a  number  of  individual  buds  exist  in,  or  grow  out 
of,  a  common  vegetable  body  or  tree  ;  the  compound  body  in  each  case  increasing 

*  Captain  Dayman's  Deep  Sea  Dredgings  (1868).  He  says  that  this  is  "  the  greatest  dip  * 
or  steepest  inclination  "  in  the  whole  North  Atlantic  Ocean."  The  nmnbera  Indii^te 
an  '* incline"  of  1200  fathoms,  or  2400  yards,  in  IS'  of  longitude,  which  in  latitude  53* 
may  be  taken  as  very  nearly  equal  to  24,000  yards.  This  gires  an  indinatioa  of  1  in  10. 
or  about  6*,  a  slope  which  is  exceeded  by  that  of  many  of  our  carriage  roods  on  diy  land. 
The  bed  of  the  North  Atlantic  has  more  recently  been  OEomined  in  much  greater  detail  by 
Dr.  Carpenter,  Professor  Wyville  Thomson,  and  Mr.  Qwyn  Jefflreys.  See  potteo,  Part  HI.. 
PalflBontology. 

t  In  parts  of  the  tropical  seas  much  lai^er  species  of  ForominJfera  exist  in  great  abun- 
dance, as  the  author  used  frequently  to  bring  up,  when  dredging  off  the  N.E.  coast  d 
Auatrallo,  bagful  after  bagful  of  orbitolites  (see  Carpenter's  Fonmini/ent,  JSoifol  Soei^  p- 
105,  etc.) ;  and  the  oonds  of  the  neighbouring  coasts  were  often  ftdl  of  these  bodies. 
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in  consequence  of  the  multiplication  and  growth  of  the  individuals  belonging  to 
it.  Almost  aU  these  oompoond  Actinozoa  or  Polyps,  as  they  used  to  be  called, 
secrete  carbonate  of  lime,  forming  a  solid  compound  skeleton  or  frame-work, 
called  CoraL 

In  most  tropical  seas  encrusting  patches  or  banks  of  living  coral  are  to  be 
found  along  the  shores,  wherever  they  consist  of  hard  rock,  and  the  water  is  quite 
clear.     These  Mr.  Darwin  calls  Fringing  reefs. 

If  the  slope  of  the  shore  be  steep,  these  Fringing  reefs  are  of  insignificant 
extent,  since  the  animals  that  form  them  do  not  flourish  at  greater  depths  than 
about  fifteen  fathoms,  and  the  largest  and  most  massive  kinds  seem  to  prefer  the 
play  of  moving  water,  or  even  the  dash  and  roll  of  the  breakers  to  moro  tranquil 
depths.  Where  the  nature  and  slope  of  the  bottom  is  favourable,  a  Fringing  reef 
may  extend  a  mile  or  two  from  the  shore,  and  the  whole  sea  become  choked  with 
coral  as  far  out  as  the  original  fifteen-fathom  line.  Dr.  Dana  says  they  do  not  live 
in  water  that  ever  sinks  below  66**  F.,  which  may  be  one  reason  for  their  limit  of 
depths  and  also  a  reason  for  their  absence  from  certain  intertropical  coasts,  such 
as  that  of  South  America,  which  is  swept  by  Antarctic  currents  of  cold  water,  so 
that  the  temperature  of  the  sea  sinks  sometimes  to  58°  at  the  Galapagos.  * 

In  the  Indian  and  Pacific  Oceans,  far  away  from  any  land,  huge  masses  of 
coral  rock  rise  up  from  vast  and  often  unknown  depths  just  to  the  level  of  low- 
water.  These  masses  are  often  unbroken  for  many  miles  in  length  and  breadth  ; 
and  groups  of  such  masses,  separated  by  small  intervals  of  deep  water,  occur  over 
spaces  sometimes  otiOO  or  600  miles  long,  by  50  or  60  in  width.  These  often 
form  large  irregular  rings  or  loops,  and  when  they  do  not  enclose  any  high  land 
they  are  called  Atolls. 

When  the  reefs  encircle  or  front  high  land,  with  a  navigable  water-channel 

between  the  limd  and  their  outer  edge,  they  are  called  Barrier  reef^  by  Darwin. 

The  Barrier  reef  along  the  north-east  coast  of  Australia  is  composed  of  a  chain  of 

such  masses,  and  is  about  1250  statute  miles  long,  from  10  to  90  miles  in  width, 

and  rises  at  its  seaward  edge  from  depths  which  in  some  places  certainly  exceed 

1800  feett    It  may  be  likened  to  a  great  submarine  wall  or  terrace  fronting  the 

whole  north-east  coast  of  Australia,  resting  at  each  end  on  shallow  water,  but 

rising  from  very  great  depths  about  the  centre,  its  upper  surface  forming  a  plateau, 

varying  from  10  to  30  fathoms  in  depth,  which  is  studded  all  over  with  steep-sided 

block-like  masses  that  rise  up  to  the  level  of  low  water.   These  masses  vary  in  size 

from  mere  pinnacles  to  an  area  of  ten  miles  in  length,  by  one  or  two  in  breadth, 

the  length  running  more  or  less  nearly  across  the  direction  of  the  prevailing  wind. 

They  are  especially  numerous  and  most  linear  along  the  edge  of  the  great  bank  on 

which  they  rest,  the  passages  between  them  being  sometimes  two  or  three  miles 

unde,  but  often  very  narrow,  like  irregular  embrasures  opened  hero  and  there 

through  the  parapet  wall  of  a  fortress.     These  "individual  reefs'*  running  along 

the  onter  edge  protect  the  comparatively  shallow  water  inside,  and,  with  the 

numerous  inner  reefs  that  are  scattered  over  its  space,  make  it  one  great  natural 

harbour.     An  idea  of  its  extent  may  be  gained  by  supposing  it  transferred  to  our 

own  part  of  the  worid,  where  it  would  extend  from  Brest  across  the  mouths  of  the 

Bnglish  Channel  and  Irish  Sea,  round  the  west  coast  of  Ireland  to  the  extreme 

west  point  of  Iceland,  or  curve  along  the  shores  of  Scotland  and  the  Shetland 

Islands  up  to  the  coast  of  Norway. 

In  the  deep  sea  around,  and  in  all  the  neighbouring  seas,  from  Torres  Straits 
to  the  Straits  of  Malacca,  wherever  *' bottom"  is  brought  up  by  the  lead,  it  is 
fotmd  to  be  a  very  fine,  almost  impalpable,  pale  olive-green  mud,  which  is  wholly 
Holuble  in  dilute  hydrochloric  acid.  This  substance,  when  dried,  would  therefore 
be  scarcely  different  from  chalk,  though  it  commonly  is  of  a  greener  tinge.    This 

*  Dana's  Coral  Ite^s,  p.  99.  f  See  Vvyage  of  H.M,S.  Fly,  vol  i,  chapter  IS. 
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fine  calcareona  mud  may  be  partly  derived,  like  the  oaze  of  the  North  Atlantic, 
trom  the  calcareous  bodies  of  minute  animals ;  but  much  of  it  is  doubtless  produced 
from  the  waste  of  the  coral  reefs  themselyes.  Some  fishes,  according  to  Mr. 
Darwin,  browse  upon  living  coral,  and  all  the  great  Holothnria  (or  Tripang),  so 
abundant  on  the  coral  reefs  of  the  Great  Barrier  and  elsewhere,  are  always  fall  c^ 
coral  sand.*  The  mere  process  of  digestion,  then,  carried  on  by  these  and  other 
animals,  must  contribute  much  impalpable  calcareous  mud  to  the  adjacent  seas. 

The  tidal  currents  among  the  "inner  reefs,"  and  in  the  openings  of  the  Great 
Barrier,  are  often  excessively  strong,  running  sometimes  with  an  impetuous  sweep, 
in  the  same  direction,  even  for  two  or  three  days  together,  especially  after  great 
storms  have  driven  large  quantities  of  water  into  the  8pac«  between  the  outer  edge 
and  the  land,  i*  The  outer  edge  of  the  Great  Barrier  (and  the  windward  side  of  all 
coral  reefs)  is  always  subject  to  the  battering  and  pounding  action  of  the  most 
tremendous  surf  that  can  be  imagined,  since  the  long  roll  of  the  ocean-swell  faUs 
suddenly  on  the  upper  edge  of  Uie  great  submarine  wall,  dashing  upon  it  with 
almost  inconceivable  power,  and  roaring  over  the  surface  of  the  reef  in  huge 
breakers,  that  are  sometimes  felt  even  all  across  it.  At  high  tide  especially,  whoi 
the  wind  blows  strongly  on  the  reef,  a  vast  quantity  of  water  is  thus  thrown  into 
the  inner  lagoon,  which,  as  the  tide  falls,  scours  out  all  the  outer  diannels  and 
passages.  Although  the  living  coral  flourishes  most  where  the  turf  is  heaviest, 
and  the  greatest  masses  of  Maeandrina  and  Porites,:!:  and  other  gigantic  species,  live 
only  on  the  outer  edge  of  the  reef ;  yet  if  a  mass,  living  or  dead,  be  once  detached 
trom  the  rest,  it  is  soon  acted  upon  by  these  breakers,  and  ultimately  triturated 
into  calcareous  sand  or  mud. 

In  addition  to  the  Great  Barrier  just  spoken  of,  all  the  sea  between  Anstralia, 
New  Caledonia,  and  the  Louisiade,  is  infested  with  coral  reefs,  so  that  Flinders 
called  it  the  Coral  Sea.  As  this  space  is  1000  miles  wide  and  broad,  we  have  here 
an  area  of  something  like  a  million  of  square  miles  over  which  carbonate  of  lime 
has  been  consolidated  into  great  sheets  and  bank-like  masses,  which  are  in  some 
parts  at  least  more  than  1000,  probably  more  than  2000,  feet  in  thickness. 

Consolidation  of  the  Materials  of  Coral  Re^s. — Those  coral  reefs  which  may 
be  called  living  reefs,  consist  of  living  corals  only  in  parts  of  their  upper  surface, 
and  along  their  outside  rim,  the  living  part  being  a  mere  film  compared  with  their 
whole  bulk.  All  the  interior  is  composed  of  dead  corals  and  shells,  compacted 
together  by  calcareous  sand  and  mud,  derived  from  the  waste  of  other  corals  and 
shells,  and  by  countless  myriads  of  minute  calcareous  organisms.  The  living  part, 
even  of  the  upper  surface  of  the  reef,  is  that  only  which  is  never  dry  at  low  water. 
The  part  which  is  then  exposed  is  composed  of  mere  stone,  often  capable  of  being 
lifted  in  slabs,  bearing  no  small  resemblance  to  some  of  our  oldest  limestones. 
These  slabs  and  blocks,  when  broken  open,  are  frequently  found  to  have  a  crystal- 
line structure  internally,  by  which  the  organic  structure  of  the  corals  and  shells  b 
more  or  less  disguised.  A  coral  reef,  then,  of  which  a  part  is  still  living  and  in 
process  of  formation  above,  may  internally  consist  of  solid  crystalline  limestone. 

•  Darwiu,  Carol  JJ«e/»,  p.  14.  f  Voyage  qf  H.M.S.  Fly,  vol,  i.,  p.  19. 

t  Bounded  masses,  or  solid  stools  of  Mseandrina,  of  6  or  8  feet  in  diameter,  are  commoa 
among  the  detached  blocks  rolled  up  trom  the  outer  slope  on  to  the  reef.  They  may  be 
seen  Jnst  inside  the  surf,  at  low  water,  trom  a  distance  of  one  to  two  miles,  and  are  apoken 
of  by  Flinders  as  "Turks'  Heads."  I  once  landed  close  to  the  edge  of  the  Barrier,  cm  the 
south  side  of  the  Blackwood  Channel,  in  south  latitude  11*  46',  on  a  continuous  mass  of 
Porites,  which  was  at  least  20  feet  across,  and  seemed  to  pass  downwards  into  the  mass  ot 
the  reef  below  water  without  any  disconnection.  It  was  worn  into  pinnacles  above,  so 
that  two  or  three  of  us  could  stand  in  the  different  hoUows  without  seeing  each  other. 
This  formed  part  of  a  line  of  such  masses  that  attracted  our  attention  trom  a  distanee  of 
three  mUes.    They  are  marked  as  "rocks  dry  at  high  water  •*  in  the  charts. 


GROWTH  OF  CORAL  REEFS.  389 

On  the  upper  surfaces  of  some  coral  reefs  small  sandy  islands  are  formed, — ^the 
coral  sand  being  drifted  by  the  winds  and  waves  till  it  forms  a  bank  reaching  above 
high-water  mark.  In  some  of  these  islands,  the  rounded  calcareous  grains  are 
bound  together  into  a  solid  stone  by  the  action  of  rain  water,  which  dissolves  some 
of  the  carbonate  of  lime  as'it  falls,  but,  being  shortly  evaporated,  re-deposits  it  again 
in  the  form  of  a  calcareous  cement.  The  stone  thus  formed  is  like  a  cake  resting 
upon  still  incoherent  sand  below.  Some  of  this  stone,  which  was  used  for  building 
a  beaoon  tower  on  Raines'  Islet,  to  mark  an  opening  in  the  Great  Barrier  reef,  pre- 
sented very  distinct  examples  of  the  oolitic  texture,  little  minute  grains  and  paiticles 
being  enveloped  in  one  or  two  concentric  coats,  like  the  coats  of  an  onion.  That 
this  stone  was  not  consolidated  under  water  is  proved  by  nests  of  turtles'  eggs 
being  found  imbedded  in  it,  evidently  deposited  by  the  animal  when  the  sand  was 
above  water,  and  was  still  loose  and  incoherent 

Raised  coral  reefs,  in  the  islands  of  Timor  and  Java,  are  internally  almost  as 
white  and  friable  as  chalk,  though  they  have  frequently  a  rougher  and  grittier 
texture,  and  weather  black  outside.  The  weathered  surfaces  of  these  limestones, 
often  at  a  height  of  two  or  three  hundred  feet  above  the  sea,  with  their  embedded 
shells  of  all  descriptions,  including  a  Tridacna  of  one  or  two  feet  in  diameter,  differ 
in  no  respect  fh>m  some  of  the  surfaces  of  the  Great  Barrier  reef,  where  exposed 
at  low  water,*  though  no  one  who  is  not  familiar  with  coral  reefs  would 
suppose  them  to  have  had  such  an  origin.  Dr.  Dana  insists  strongly  on  **  the 
perfect  compactness  and  freedom  from  fossils  of  a  laige  portion  of  the  coral  rock, 
although  made  within  a  few  hundred  feet  of  living  corals  and  shells ;"  and  also 
mentions  the  "  oolitic  structure  of  part  of  this  compact  kind."  +  He  speaks  of  one 
kind  of  coral  rock  as  "  a  fine-grained,  compact,  and  clinking  limestone,  as  solid  and 
flint-like  in  fracture  as  any  Silurian  limestone,  and  with  rarely  a  shell  or  fragment 
of  coraL^it  I  can  corroborate  these  observations,  as  nothing  struck  me  more  when 
walking  on  coral  reefs  than  the  great  resemblimce  of  the  slabs  lying  about  to  those 
on  the  surface  of  the  limestone  quarries  near  Dudley.  § 

Guided  by  these  facts  and  observations,  we  may  form  tolerably  accurate  notions 
of  the  mode  of  origin  of  all  our  marine  limestones,  and  attribute  to  them  an  organic- 
chemical  origin,  ticking  into  account,  at  the  same  time,  how  easily  they  may  have 
been  subsequently  altered  in  structure  or  texture  by  the  metamorphic  action  either 
of  water  or  of  heat  We  must  also  bear  in  mind  that  although  the  carbonate  of 
lime  may  have  been  secreted  and  brought  into  a  solid  form  from  its  aqueous  solu- 
tion by  the  action  of  animal  life,  yet  that  the  original  form  it  thus  received  has 
been  retained  in  only  a  small  part  of  it,  the  great  mass  having  been  subjected  to 
the  mechanical  actions  of  erosion,  trituration,  and  transport,  to  a  greater  or  lesser 
extent,  in  the  process  of  its  conversion  into  odcareous  mud,  and  deposition  as  beds 
of  limestone,  as  well  as  to  the  metamorphic  action  of  carbonated  water. 

Summary. — Plants  living  on  the  land  extract  carbon  from  the  air 
fOid  mineral  subetancee  from  the  soil,  and,  under  favourable  circumstances^ 
their  remains  gather  into  new  formations  as  turf  and  peat 

Animals  assimilate  into  their  own  bodies  the  organised  substance  of 
plants,  and  in  the  lower  grades  of  the  animal  kingdom  secrete  large 
masses  of  carbonate  of  lime,  silica,  and  other  mineral  compounds  from 

*  Voyage  c/H.M.S.  Fly.  f  Dana's  Manual,  p.  624.  t  Ih.,  p.  017. 

I  It  must  not  be  supposed  that  the  thin  and  comparatively  insigniflcant  calcareous 
bands  in  the  Silurian  rockB  ever  deserved  the  name  of  coral  reefk,  or  that  even  the  carbon- 
iferous limestone  was  chiefly  derived  fh>m  corala.  The  animals  that  are  now  tbe  main 
producers  of  limestone  in  some  ports  of  the  world  are  those  which  form  corals, — the 
animals  that  were  the  main  producers  of  limestone  in  some  parts  of  the  world  in  the  car- 
boniferous period  were  the  ciinoids  or  sea^Ulies. 
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the  inorganic  world.  To  a  small  extent  upon  land  and  in  fresh  water, 
but  on  a  great  scale  upon  the  floor  of  the  ocean,  the  skeletons,  shells, 
and  other  exuvise  of  animals  gather  into  vast  ibnnations  of  stratified 
rock. 

Mineral  matter  is  thus,  after  being  subject  to  the  destructive  agencf 
of  mechanical  force,  and  after  apparentlj  disappearing  under  that  of 
chemical  action,  brought  back  to  the  solid  form  by  the  power  of  life, 
and  having  served  the  purposes  of  oi^ganic  beings  is  delivered  over  again, 
as  dead  matter,  to  perform  the  same  round  of  service  at  some  future  and 
perhaps  far  distant  period.  We  build  our  houses  by  aid  of  materials 
derived  from  animals  that  perished  thousands  of  ages  ago,  and  we  warm 
and  light  them  from  those  of  equally  long  perished  plants,  restoring  to 
the  atmosphere  the  carbon  that  originally  Abated  in  it,  and  giving  back 
to  the  dust,  and  then  to  the  waters  of  the  earth,  the  lime  that  was 
formerly  dissolved  in  them. 


'     CHAPTER   XXIII. 

CIRCULATION  OF  WATER  UPON  THE  LAND. 

Apart  flroxn  the  action  of  the  underground  forces,  already  considered, 
water  la  the  great  agent  by  which  the  surface  of  the  globe  is  altered. 
There  is  a  ceaseless  circulation  of  water  between  land  and  sea,  sea  and 
land  ;  and  by  means  of  this  circulation  the  solid  land  is  worn  away, 
valle3r8  are  excavated,  and  the  debris  is  carried  out  into  the  ocean,  there 
to  be  accumulated  into  fresh  strata,  which  shall  eventually  be  raised 
into  new  land.  The  vapour  raised  by  solar  heat  from  the  earth's  surface 
rises  into  the  atmosphere,  condenses  there  into  clouds,  and  falls  again  to 
the  earth  as  rain,  snow,  or  hail.  Tliat  portion  which  reaches  the  land 
partly  flows  off  again  into  the  sea  by  streams,  partly  sinks  underground, 
and,  after  performing  there  a  subterranean  circulation,  rises  once  more 
in  the  form  of  springs,  and  returns  to  the  ocean.  The  water  which  is 
raised  by  evaporation  fedls  nearly  pure  upon  the  land  ;  but  when  it 
returns  again  to  the  sea  it  is  no  longer  pure,  but  charged  with  mineral 
matter  in  chemical  solution  and  mechanical  suspension.  As  this  circu- 
lation is  constantly  going  on,  and  as  the  water  which  flows  off  the  land 
is  constantly  and  everywhere  carrying  the  detritus  of  the  land  into  the 
sea,  it  is  evident  that  we  have  here  a  system  of  geological  change  of  the 
most  stupendous  character.* 

That  the  notice  to  be  here  given  of  this  system  may  be  as  clear  and 
succinct  as  possible,  we  shall  arrange  the  subject  as  follows  : — 1st,  The 
fall  of  water  upon  the  land  as  rain  ;  2d,  The  course  of  that  part  of  the 
rainfall  which  sinks  underground  and  re-appears  in  the  form  of  springs ; 
3d,  The  work  performed  by  that  part  of  the  rainfall  which  flows  off  in 
streams  into  the  sea  ;  4th,  The  action  of  :&ozen  water, — frost,  snow, 
river-ice,  and  glaciers. 

*  The  geological  importface  of  the  cHrculation  of  mtter  over  the  surflice  of  the  land  was 
lti«t  realiaed  and  insiated  on  by  the  great  Hatton,;in  hia  Theory  of  the  Earth  (Trans.  Roy.  Soc 
Bdin.,  ToL  i.,  p.  209, 1786,  afterwarda  expanded  and  publidied  in  1795  aa  a  separate  work). 
Notwithatanding  the  eloquent  elucidations  of  his  friend  Playfalr,  Button's  doctrines  on  this 
auhjeet  lay  dormant  for  half-«-century.  It  Is  only  recently  that  they  have  be^i  revived  and 
adopted  by  a  growing  body  of  geologiata,  consisting  largely  of  the  younger  men,  and  of  those 
who  are  engaged  professionally  in  the  daily  survey  of  rocks  and  rock-features.  The  student 
will  find  the  literature  of  this  sul^ect,  up  to  1867,  referred  to  by  Mr.  Whitaker,  Geol  Mag., 
▼oL  tv.,  p.  447.  Since  that  time,  however,  additional  memoirs  have  been  published,  to 
acme  of  which  reference  wiU  be  made  in  the  course  of  the  foUowing  diacussioa 
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L  Bain. 

Rain  acts  upon  the  surface  of  the  earth  in  two  ways, — Ist,  Chemi- 
cally ;  and  2d,  Mechanically. 

1.  Tlie  Ohemioal  Action  of  rain  arises  chiefly  from  the  solvent 
power  of  the  carbonic  acid  which  the  rain  absorbs  from  the  atmosphere, 
and  which  acts  upon  rocks  containing  carbonates  and  silicates  ;  partly, 
also,  from  the  way  in  which  its  oxygen  combines  with  substances  not 
yet  fully  ozydised.  Rain^  therefore,  removes  certain  ingredients  of 
rocks  in  chemical  solution,  and  helps  by  chemical  changes  to  disin- 
tegrate rocks. 

2.  The  Mechmnioal  Action  of  rain  is  shown  by  the  way  in  which 
it  washes  off  the  finer  particles  of  disintegrated  rock  or  of  soil,  and 
carries  them  down  to  lower  ground,  or  into  streams.  The  fine  detritus 
is  either  held  in  mechanical  suspension  in  the  rain-water,  or  merely 
pushed  along  the  surface. 

Besolts  of  Bain-Action. — ^The  importance  of  rain  as  a  geological 
agent  can  only  be  adequately  realised  when  the  general  denudation  of  a 
large  district  is  studied.  In  every  country  in  which  rain  falls  the  whole 
surface  is  exposed  to  this  action.  Hence,  as  Hutton  first  pointed  out, 
the  superficial  covering  of  disintegrated  rock  or  soil  is  constantly 
travelling,  slowly,  indeed,  but  certainly,  outward  and  downward  to 
the  sea.  This  wasting  of  the  sur&ce  is  not  entirely  the  work  of  rain. 
We  have  seen  that  the  atmosphere  helps,  and  additional  aid  is  given 
in  many  countries  by  the  action  of  frost.  Rain,  however,  is  the 
agent  by  which  the  work  of  the  other  forces  is  made  conducive  to 
the  general  degradation  of  a  land-surface ;  for  it  is  by  rain  that  tiie 
layer  of  disintegrated  rock,  which  would  otherwise  accumulate  over  ^e 
solid  rock  and  protect  it  from  further  decay,  is  removed,  and  a  fresh 
surface  of  rock  is  exposed  to  further  disintegration.  This  decay  of  a 
land-surface,  though  general  and  constant,  is  not  uniform.  There  are 
some  places  where,  from  the  nature  of  the  rock,  from  the  flatness  of  the 
ground,  or  from  other  causes,  rain  works  under  great  difiSculties,  and 
where,  therefore,  the  rate  of  waste  must  be  inconceivably  slow.  There 
are  other  places,  again,  where  the  rate  is  so  rapid  as  to  be  readily 
appreciable  from  year  to  year.  It  will  be  pointed  out,  in  a  subsequent 
chapter,  that  this  inequality  in  the  rate  of  waste  has  been  largely 
instrumental  in  bringing  about  the  present  relief  of  the  land,  those 
parts  where  the  waste  is  greatest  forming  hollows  and  valleys,  while 
the  others,  where  it  has  been  less^  form  table-lands,  hiUs,  and 
mountains. 

The  general  decay  of  the  surface  of  the  land  has  enabled  rain  to 
collect  in  favourable  situations  considerable  accumulations  of  loam  and 
earth — the  washings  from  adjoining  higher  ground.  Of  such  a  nature 
are  the  «  brick-earth^'  head,**  and  "  rain-wash"  of  the  south  of  England 
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— earthy  deposits^  sometimes  full  of  angnlar  stones^  derived  from  the 
sabaerial  waste  of  the  rocks  of  the  neighbourhood.^  In  some  parts  of 
the  Alps  thick  deposits  of  earth,  formed  hj  old  glaciers,  and  abounding 
in  large  stones,  have  been  cut  by  the  vertical  fall  of  rain  into  pillars — 
the  formation  of  which  is  explained  by  the  fact  that  each  pillar  is 
capped  with  a  stone,  which  has  protected  the  earth  underneath  it  while 
the  sonounding  portions  were  being  cut  away.f 

2.  nndersround  Water. 

When  rain  fSEdls  upon  land,  part  of  it,  instead  of  running  off  in 
brooks  and  rivers,  sinks  underground,  and,  after  a  more  or  less  circuit- 
ous journey  there,  returns  to  the  surface  in  the  form  of  springs.  The 
geological  changes  effected  by  underground  water  are  twofold — 1st, 
Chemical ;  2d,  MechanicaL 

1.  The  Ohemioal  Action  of  undergound  water  depends  either  upon 
the  solvent  power  of  its  carbonic  acid,  or  upon  the  influence  of  internal 
heat.  In  the  one  case  we  have  the  cause  of  the  changes  carried  on  by 
ordinary  springs ;  in  the  other,  the  cause  of  the  action  of  very  deep- 
seated  and  thermal  springs. 

Rain-water  and  snow  contain  small  quantities  of  carbonic  acid 
derived  from  the  atmosphere,  and  acquire  more  in  sinking  through  the 
BoiL  If  water,  in  circulating  undeiground,  meets  with  carbonic  acid 
gas  rising  from  the  interior,  it  becomes  saturated  with  it,  and  carbonated 
springs  are  produced.  The  waters  of  springs,  rivers,  and  lakes,  there- 
fore, always  contain  some,  and  probably  a  very  variable  amount  of, 
carboni&acid  gas.  Carbonate  of  lime  is  nearly  insoluble  in  pure  water, 
but  if  the  water  contains  sufficient  carbonic  acid,  the  mineral  is 
easily  dissolved  by  it,  in  consequence  of  the  carbonate  being  converted 
into  a  soluble  salt,  in  the  form  of  a  bicarbonate  or  sesquicarbonate  of 
lime.  The  quantity  of  carbonate  of  Ume  held  in  solution  by  water 
containing  &ee  carbonic  acid  is  likewise  very  variable.  In  springs  it 
may  occasionally  reach  the  point  of  saturation,  which  is  about  105  parts 
in  the  himdred  thousand. 

When  water  containing  carbonate  of  lime  in  solution  suffers  from  evaporation, 
each  drop  of  water  loses  both  water  and  carbonic  acid  gas,  thus  becoming  gradu- 
ally saturated  with  the  carbonate  of  lime  without  gaining  any  increase  in  solvent 
power.  :^    When,  then,  the  evaporation  is  continued  beyond  the  point  of  saturation, 

*  See  Austen,  Quart  Joum.  Geol,  Soc,  vi  94,  viL  ISl ;  Foeter  and  Topley,  Quart,  Joum. 
GtdL  SoCf  zxL  p.  446. 

t  Bee  LyeU't  Principles,  voL  L  p.  385. 

t  Biachof  (vol  iiL  p.  171)  says  that  the  maziroum  amount  of  carhonate  of  Ume  that  can 
be  dissolved  in  water,  saturated  with  carhonic  acid,  is  0*1  per  cent,  but  that  water  contain- 
ing only  one-tenth  as  much  carbonic  acid  as  a  saturated  solution,  would  dissolve  Just  as 
much  carbonate  of  lime  as  a  saturated  solution  would,  even  if  it  were  under  high  pressure. 
The  existence  of  carbonated  springs,  therefore,  is  not  at  all  necessary  for  the  deposition 
either  of  stalactites,  travertine,  or  calc-spar  In  veins,  since  ordinary  meteoric  water  will 
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some  of  tbe  diasolyed  carbonate  of  lime  most  necessarily  be  deposited  in  a  solid 
form  on  the  substance  over  which  the  water  passes.  Drops  of  such  water,  hanging 
from  the  roof  of  a  cayem,  may  be  observed  to  be  coated  over  with  a  delicate  film 
of  minutely  crystalline  carbonate  of  lime,  like  the  finest  tissne  paper.  Hiis 
gradually  forms  a  Mttle  tube,  wbidi  may  be  seen  sometimes  to  acqu^pe  a  length  of 
some  inches,  still  retaining  all  its  fragility,  until  water,  trickling  down  the  otntside 
of  it,  strengthens  it  by  the  addition  of  successive  external  coats.  Water,  then, 
dripping  from  the  roofs  of  limestone  caverns,  will  form  long  icicle-like  pendants, 
which  grow  downward,  as  well  as  columns  rising  from  the  floor,  wherever  the 
water  continues  to  drop  long  enough  on  one  particular  spot.  Vertical  sheets  of  this 
incrustation  may  even  be  formed  when  the  water  oozes  from  a  long  joint  or  crevice 
in  the  roof.  The  part  hanging  ftx^m  the  roof  is  called  stalactite  ;  that  on  the  flo<H' 
stalagmite.  Stalactites,  even  when  some  feet  long,  and  several  inches  in  diunetei^ 
are  often  found  with  the  little  original  central  tube  still  open,  since  water  may 
pass  down  it»  with  little  or  no  evaporation.  The  limestone  tiras  formed  is  com- 
monly white  or  pale  yellow,  sub-cr3rstalline,  often  fibrous,  and,  when  thin,  semi- 
transparent  or  translucent.  Some  stalactit^  while  they  retain  their  conoentric 
rings,  showing  the  way  in  which  they  were  formed,  coat  over  coat,  are  nevei^ 
theless  perfectly  crystalline  internally,  the  crystals  radiating  from  the  centre,  and 
passing  through  many  concentric  coats  of  the  stalactite.  Stalactites  may  often  be 
seen  luider  the  arches  of  bridges,  vaults,  or  aqueducts,  especially  if  the  stone  of 
which  they  are  built  be  limestone.  Sometimes  they  are  even  derived  from  the 
cai'bonate  of  lime  contained  in  the  mortar  or  cement  used  in  their  construction. 

Travertine,  or  calcareous  tufa,  is  deposited,  by  exactly  the  same  process,  on  the 
margins  of  springs,  or  on  the  banks  of  rivers,  and  the  sides  of  waterfalls.  Sticks 
and  twigs  hanging  over  brooks  often  become  coated  with  it ;  and  the  incmstatioa 
of  birds'  nests,  wigs^  medallions,  and  other  matters,  by  the  action  of  what  are  called 
petrifying  wells,  is  commonly  known.  In  Italy,  large  masses  of  solid  and  beautiful 
travertine  are  deposited  by  some  of  the  springs,  so  that  it  is  used  as  a  building  stone. 
Bischof  says  that  there  are  fifty  springs  near  Carlsbad  giving  out  800,000  cubic 
feet  of  water  in  twenty-four  hours,  fh>m  which,  aocording  to  Wakhner's  cakula- 
tion,  a  mass  of  stone,  weighing  200,000  pounds,  could  be  deposited  in  that  time. 
Pipes  to  convey  water,  especially  water  from  boilers,  frequently  become  choked 
up  by  the  deposition  of  limestone,  and  have  to  be  renewed.  In  some  manufactories, 
the  deposition  inside  a  pipe  exbibits  a  regular  alternation  of  one  white  layer 
between  six  dirty  ones,  and  this  white  one  is  called  the  '*  Sunday  streak,*'  as 
marking  the  deposition  on  the  day  wben  no  work  was  going  on,  and  the  water  was 
consequently  dean. 

The  constant  removal  of  carbonate  of  lime  from  undeigronnd  rocks 
gives  rise  to  the  formation  of  long  subterranean  tnnnels,  cavities,  and 
caverns,  in  limestone  countries.  Sometimes  the  roofe  of  these  caviti^ 
when  near  the  surface,  fall  in  and  engulf  brooks  and  rivers.  In  this 
way  mud,  sand,  and  gravel,  with  the  remains  of  plants  and  animals, 
are  swept  below  ground,  and  sometimes  accumulate  in  deposits  there. 
This  has  been  the  origin  of  ossiferous  caverns,  and  of  the  loam  and 
breccia,  so  often  found  in  them.  In  many  limestone  districts  the 
general  drainage  is  withdrawn  from  the  surface,  and,  sinking  under> 
ground  into  the  numerous  channels  which  have  been  formed  in  the  rock, 

contain  quite  enough  carbonic  add  for  the  solution  of  carbonate  of  lime,  even  to  satimiion 
of  the  witer  with  that  minora] ;  while,  the  less  the  overplus  of  the  add,  the  more  readily  will 
the  mineral  deposition  take  place. 
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giyee  rise  to  subterranean  rivers,  which,  after  a  long  course,  niay  issue 
to  the  surface  again  in  a  totally  different  surface-area  of  drainage  to 
that  in  which  they  took  their  rise.  In  such  districts,  too,  lakes  may 
be  formed  by  the  giving  way  of  the  roofs  of  subterranean  caverns ; 
and  by  the  same  process  valleys  may  be  deepened,  or,  perhaps,  even 
formed. 

The  influence  of  carbonated  water,  and  of  water  containing  alkaline 
carbonates,  in  decomposing  and  effecting  pseudomorphic  changes  in 
rocks,  has  already  been  referred  to.^  Even  when  we  have  no  access 
to  the  rocks  underneath,  we  can  often  form  a  conception  of  the  meta- 
morphism  which  circulating  water  is  effecting  upon  them,  by  analysing 
the  composition  of  the  water,  which  rises  again  to  the  surface  in 
springs.  Carbonate  of  lime  is  the  main  mineral  constituent  of  spring- 
water  ;  but  there  occur  also  very  commonly  sulphate  of  lime,  carbonate 
of  magnesia,  and  chloride  of  sodium.  When  the  contained  mineral 
ingredients  are  in  such  abundance  as  to  form  a  deposit  when  the  water 
evaporates  round  the  spring,  they  give  specific  names  to  the  springs, 
as  calcareous  springs,  ferruginous  or  chalybeate  springs,  and  siliceous 
springs. 

Thermal  springs  are  so  called  from  their  warm  temperature.  They 
are  common  in  volcanic  regions,  but  also  occur  more  rarely  at  a  distance 
from,  volcanoes.  They  are  much  more  highly  impregnated  with  mineral 
matter  than  cold  springs.  The  warm  springs  of  Bath  have  a  mean 
temperature  of  120^  Fahr.,  and  contain  sulphates  of  lime  and  .soda,  and 
chlorides  of  sodium  and  magnesium.  Professor  Ramsay  has  calculated 
that  if  the  annual  discharge  of  water  could  be  evaporated  on  the  spot, 
the  mineral  contents  would  form  a  square  column  9  feet  in  diameter, 
and  140  feet  in  height. t  Silica  is  sometimes  contained  abundantly  in 
the  water  of  thermal  springs,  as  in  the  case  of  the  siliceom  nnUr  deposited 
round  the  Geysers,  or  hot-springs  of  Iceland.  One  of  these  deposits  is 
said  to  be  two  leagues  in  length,  a  quarter  of  a  league  wide,  and  a 
hundred  feet  thick.  Similar  deposits  also  occur  in  other  parts  of  the 
world,  as  round  the  hot  springs  of  St  Miguel  and  Terceira,  in  the 
Azores,  and  in  the  form  of  chalcedony  round  those  of  New  Zealand.  Cold 
springs  also,  in  some  instances,  deposit  siliceous  matter  ;  but  in  these 
the  silica  is  generally  combined  with  alumina,  oxide  of  iron,  and  other 
bases.  In  all  these  cases,  evaporation  of  the  water  takes  place,  and  the 
silica  is  deposited  in  consequence  of  that  evaporation,  t  Bischof  attri- 
butes the  formation  of  quartz  crystals  in  cavities,  and  of  compact  quartz 
in  veins,  to  the  total  evaporation  of  water  containing  silica  in  solution, 
and  trickling  down  the  sides  of  such  cavities.     He  points  out  the  im- 

*  8e«  ante,  pp.  802^.  t  lUtmsaj,  Physical  Geology  and  Oeography  o/Britaint  p.  1(H). 

I  In  p«rt0  of  IndU  ailioeooa  stalactites  occur,  a  specimen  of  one  having  been  presented 
to  the  Museum  of  Irish  Industry,  by  Mr.  Lovell,  Retired  Inspector  of  Hospitals. 
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possibility  of  ascending  springs  depositing  the  qoartz,  inasmucli  as  these 
must  be  full  of  water,  and  therefore  total  evaporation  of  successive  films 
of  water  could  not  take  place.  He  regards  the  formation  of  quartz 
crystals  in  drusy  cavities  as  the  result  of  a  similar  evaporation  of  water, 
containing  silica,  which  has  filtered  through  the  adjoining  rock.  Agates, 
chalcedony,  etc.,  show  very  distinctly  the  successive  deposition  of  films 
of  silica. 

2.  The  Meohaaloal  Action  of  underground  water  consists  in  the  re- 
moval of  the  finer  particles  of  rocks  in  suspension.  By  this  means  the 
cohesion  of  large  masses  is  sometimes  so  far  weakened  that  thej  sink 
down,  or  are  detached  and  iiEdl  off  to  lower  levels.  This  usually 
happens  on  cliffs  or  sloping  ground,  where  the  rocks  are  traversed  by 
joints,  or  consist  of  strata  among  which  there  are  some  of  a  loose  porous 
nature,  easily  disintegrated  by  percolating  or  flowing  undergiound  water. 
Large  portions  of  cliff  or  slope  may  thus  be  launched  down,  so  as  to 
obstruct  a  valley,  and  even  pond  back  its  drainage.  These  dislocations, 
caused  by  imderground  water,  are  termed  landslipt.  They  are  common 
in  hilly  countries.  The  well-known  fall  of  the  Rossberg,  behind  the 
Rigi,  in  1806,  is  a  striking  example.  After  a  rainy  summer  the  side  d 
the  mountain,  consisting  of  sloping  beds  of  hard  red  sandstone  and 
conglomerate,  resting  upon  soft  sandy  layers,  gave  way,  and  thousands  of 
tons  of  solid  rock  swept  across  the  valley  of  Qoldau,  buiying  four 
villages,  with  about  500  of  their  inhabitants. 

Ajiother  remarkable  instance  occurred  on  the  coast  of  Dorset,  when 
a  mass  of  chalk  slid  over  the  surface  of  a  bed  of  clay  down  into  the  sea, 
leaving  a  rent  three-fourths  of  a  mile  long,  150  feet  deep,  and  240  feet 
wide,  the  whole  mass  on  the  seaward  side  of  it,  with  its  houses,  roads, 
and  fields,  being  cracked,  broken,  and  tilted  in  various  directions,  and 
thus  prepared  for  being  more  easily  carried  off  by  the  action  of  the  aea.* 
Far  larger  instances  of  ancient  landslips,  of  which  no  record  is  known, 
and  which  took  place  perhaps  before  historic  times,  or  even  before  the 
country  was  inhabited  by  man,  may  be  observed  in  some  parts  of  tiie 
south-west  coast  of  Ireland.  On  the  coast  west  of  Bearhaven  in  County 
Cork,  and  west  of  Brandon  ^ead  in  County  Kerry,  as  also  in  Derrymore 
Glen,  between  the  mountains  called  Baurtregaum  and  Cahirconrea,  there 
are  great  cliffs,  800  feet  high,  which  from  their  confused  and  irr^^ukr 
positions  are  nothing  but  a  heap  of  broken  ruins,  their  cracks  and  dis- 
locations being  superficial  only,  or  not  extending  below  the  level  of  the 
sea.  Other  remarkable  landslips  occur  on  the  coast-line  between  Port- 
rush  and  Belfastt  Similar  falls,  on  a  great  scale,  have  taken  place 
also  in  Mull,  Raasay,  and  Skye,  where  the  great  plateaux  of  tertiary 
basalt  rest  upon  oolitic  and  liassic  strata. 

•  Conybeare  and  Bnokland,  In  LyeU's  Prineipbt,  1.  ftST. 
t  See  Portlock't  O^ological  Survey  ctf  Londondtrry. 
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8.  Brooks  and  Bivers. 
a.  Chemioal  Aotion. 

There  can  be  no  doubt  that  the  water  of  streams  acts  chemicallj 
npon  rocks,  in  the  same  way  as  is  done  by  rain  and  spring  water. 
This  is  particularly  observable  in  limestone  districts,  where  streams 
not  only  erode  but  dissolve  the  rock,  their  action  in  this  respect  being 
greater  when  they  drain  off  peaty  ground,  and  consequently  absorb 
more  carbonic  acid.  The  nature  of  the  chemical  reaction  of  terrestrial 
water  upon  rocks  is  well  shown  by  the  analysis  of  river  water,  for  in 
river  water,  more  particularly  when  taken  from  where  it  approaches 
the  sea,  we  have  the  substances  in  solution  which  are  finally  removed 
from  the  land  and  carried  into  the  sea. 

According  to  the  analyses  collected  by  Bischof,*  the  river  waters 
of  Western  Europe,  including  Qreat  Britcdn,  contain  in  solution  vari- 
able proportions  of  the  carbonates  of  lime,  magnesia,  and  soda  ;  of 
silica  ;  of  peroxides  of  iron  and  manganese  ;  of  alumina  ;  of  sulphates 
of  lime,  magnesia,  potash,  and  soda  ;  of  chlorides  of  sodium,  potassium, 
calcium,  and  magnesium  ;  of  silicate  of  potash  ;  of  nitrates,  and  of 
organic  matter.  Of  these  mineral  matters  as  little  as  a  total  of  2*61  in 
100,000  parts  of  water  were  found  in  a  mountain  stream  3800 
feet  above  the  sea,  and  as  much  as  54*5  parts  in  the  100,000  in  the 
waters  of  the  Beuvronne,  a  tributary  of  the  Loire  above  Totirs.  The 
mean  of  the  whole  is  about  21  parts  of  mineral  matter  in  100,000  of 
water.  Carbonate  of  lime  usually  forms  the  full  half  of  this  mineral 
matter,  its  mean  quantity  being  11*34.  The  next  most  abundant 
ndueral  is  sulphate  of  lime,  which  in  some  rivers  forms  nearly  half  of 
the  dissolved  mineral  matter.  As  much  as  4*88  parts  of  silica  dis- 
solved in  100,000  of  water  have  been  found  in  the  Rhine,  near  Stras- 
bm^,  the  greatest  quantity  of  dissolved  alumina  being  0*71,  in  the 
Loire,  near  Orleans.  The  quantity  of  mineral  matter  in  the  Thames, 
near  London,  is  about  33  in  the  100,000  parts  of  water,  15  of  which, 
or  nearly  half,  are  carbonate  of  lime.  Bischof  calculates  that  if  the 
mean  quantity  of  carbonate  of  lime  in  the  Rhine  be  assumed  as  9 '46 
in  100,000  of  water,  which  it  is  at  Bonn,  then,  according  to  the 
qxiantity  of  water  estimated  by  Hagen  to  flow  at  Emmerich,  enough 
carbonate  of  lime  is  carried  into  the  sea  by  the  Rhine,  for  the  yearly 
formation  of  three  hundred  and  thirty-two  thousand  millions  of  oyster 
abells  of  the  usual  size.  If  we  allow  two  square  inches  for  each  oyster 
to  stand  upon,  and  that  three  oysters,  one  above  another,  would  be  one 
inch  high  (quantities  within  the  truth),  then  this  number  of  oysters 
^would  form  a  cube  560  feet  in  the  side,  or  they  would  make  a  square 
layer  a  foot  thick  and  upwards  of  two  miles  in  the  side. 

All  the  mineral  substances  carried  in  solution  by  rivers  into  the 

*  dumicoU  Otology,  toL  L  p.  76.    He  gives  a  table  of  forty-eight  diflferent  analyses. 
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sea,  are  derived  from  tbe  waste  of  tbe  land,  either  directly  by  the 
action  of  the  rivers  themselves,  or  through  the  prior  working  of  rain 
and  springs.  If,  therefore,  we  could  collect  and  make  visible  all  this 
imseen  material,  it  would  form  a  vast  mass,  and  would  show  how  im- 
portant, in  a  geological  point  of  view,  are  the  silent  chemical  changes 
carried  on  by  percolating  and  running  water. 

p,  Meohmnioal  Action. 

(L)  Destmotive. — Moving  water  acts  mechanically  upon  rocks,  by 
rubbing  sand,  silt,  gravel,  and  boulders  upon  them.  This  happens  in 
the  bed  of  every  stream.  The  detritus  is  employed  as  a  means  of 
eroding  the  solid  rock,  and  is  itself  at' the  same  time  still  further  com- 
minuted. Large  blocks  of  rock  are  thus  by  degrees  worn  into  gravel, 
then  into  sand,  silt,  or  mud,  and  at  last,  in  this  finely  levigated  state, 
the  ruins  of  hills  and  mountains  are  swept  out  to  sea. 

By  the  attrition  of  the  water-borne  detritus  upon  the  rocks,  the 
beds  of  streams  are  channelled  into  grooves,  widened  and  de^)ened. 
Where  an  eddy  forms,  and  sand  or  gravel  is  consequently  kept  whiri- 
ing  upon  the  rocky  bottom,  a  cavity  called  a  pot-hole  is  formed,  some- 
times several  feet  broad,  and  a  yard  or  more  in  depth.  These  pot-holes 
are  often  worn  away  till  two  or  more  coalesce,  and  wide  and  deep  pooli 
are  thus  eroded  in  the  bed  of  the  stream. 

While  it  is  only  by  the  friction  of  the  detritus  which  it  sweqv 
along  that  running  water  acts  mechanically  upon  rocks,  we  must 
remember  that  this  detritus  is  to  a  lai^e  extent  supplied  to  rivers  by 
the  action  of  those  processes  of  *^  weathering"  already  described. 
Where  the  action  of  weathering  is  more  rapid  than  the  power  of  the 
stream  to  sweep  away  the  fallen  debris  and  directly  undemune  the 
banks,  sloping  declivities  are  produced.  Where,  on  the  other  hand,  the 
stream  cuts  into  the  rock  faster  than  weathering  does,  a  ravine  is  formed. 

The  form  of  a  river-bed  is  largely  determined  by  the  varying 
nature  of  the  rocks  through  which  the  river  has  to  cut  its  way. 
Sudden  changes  in  the  geological  structure  or  lithological  character  of 
the  rocks  give  rise  to  waterfalls.  If,  for  instance,  a  stream,  in  graduallj 
deepening  its  channel,  encounters  in  one  part  of  its  course  a  rock  much 
softer  than  the  rocks  higher  up  the  stream,  the  softer  rock  will  be 
more  rapidly  worn  away,  and  at  the  point  of  junction,  where  the 
harder  rock  overlies  the  other,  a  cascade  will  gradually  be  formed. 
Cascades  and  waterfalls  dig  deep  holes  and  black  pools  below  the 
ledges  over  which  they  fall,  and  often  undermine  those  ledges,  and 
thus  break  them  away,  block  by  block,  much  faster  than  mere  abrasion 
could  remove  them.  Cataracts  cut  their  way  back  in  aU  riven, 
whether  in  the  ravines  of  mountains,  or  when  they  fall  &om  one  plain 
or  one  table-land  to  another,  as  in  the  case  of  the  Falls  of  Niagara  and 
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others.  The  ravine  that  the  river  St  Lawrence  has  excavated  for  itself 
hy  the  recession  of  its  FaUs  is  7  miles  long,  200  to  400  yards  wide, 
and  200  to  300  feet  deep,  and  would  require  something  like  35,000 
years  for  its  production,  at  the  present  rate  of  progresa* 

Perhaps  no  part  of  the  world  illustrates  the  erosive  power  of  long- 
continued  river-action  on  a  more  magnificent  scale  than  the  great  table- 
land watered  by  the  Rio  Colorado  and  its  tributaries  (see  Frontispiece). 
These  rivers  flow  for  htmdreds  of  miles  through  gorges  called  canons 
several  thousand  feet  deep,  which  they  have  gradually  cut  out  of  the 
rocks.  The  grand  Canon  of  the  Colorado  is  300  miles  long,  and  in 
some  places  6000  feet  deep.t 

(20  Transporting. — In  the  gradual  erosion  of  their  courses,  rivers 
produce  a  large  amount  of  detritus,  which,  together  with  what  they  re- 
ceive from  the  washing  of  the  land  by  rain,  they  sweep  out  to  sea. 
The  blocks  accumulated  in  mountain  torrents  are  usually  crags  that 
have  been  gradually  loosened  by  weathering  from  the  neighbouring 
diffo  or  slopes,  or  have  been  undermined  by  the  abrasion  of  the  water, 
and  have  then  fallen  into  the  bed  of  the  river.  These  blocks,  arresting 
the  force  of  the  stream,  are  immediately  attacked  by  it,  and  eventually 
become  smooth  and  rounded  by  the  attrition  of  the  water  charged 
with  sand  and  graveL  When  sufficiently  rounded,  some  greater  flood 
than  usual  sets  them  in  motion,  to  receive  still  further  rough  treat- 
ment, and  to  become  converted  into  tools  for  the  breaking  up  of 
others,  till  at  length  the  massive  crag  is  rolled  forward  into  the  river 
in  the  form  of  small  round  pebbles.]:  These  undergo  a  continuation  of 
the  same  mechanical  operation,  till  they  are  delivered  by  the  river  into 
the  sea  in  the  shape  of  grains  of  sand  or  fine  mud.  Clouds  of  such 
mud  discolour  the  sea  ofi*  the  mouths  of  great  rivers,  such  as  the  Amazon 
and  Orinoco,  even  for  many  scores  of  miles  out  of  sight  of  land  ;  and 
the  great  ocean  currents  may  carry  it  on,  still  slowly  sinking  through 
greater  depths,  even  for  many  hundred  miles  further,  before  it  finally 
settles  to  rest  in  some  tranquil  hollow  of  the  bed  of  the  ocean. 

The  transporting  power  of  rivers  is  greatly  augmented  in  countries 
w^here  the  winters  are  severe  enough  to  freeze  the  rivers.  Ice  forming 
along  the  banks  encloses  gravel,  sand,  and  even  large  blocks  of  rock, 
'which,  when  the  spring  comes,  are  lifted  up  by  the  ice  and  carried 
down  the  stream.  Ground-ice  likewise  forms  frequently  on  the  bottoms 
of  the  rivers,  and  rises  in  cakes  to  the  surface,  carrying  with  it  the 
mud  or  stones  lying  on  the  bottom,  which  are  then  swept  seaward. 

*  Lyell'i  Prineiplet  of  Geology,  chap.  zlv.  See,  howerer,  Coal  and  U»  Topography ,  hj 
J.  P.  Lesley,  1866,  p.  169. 

t  See  S^i>loratUm  of  the  Cohrado  River  of  1h«  Wett,  hj  Ives  and  Newbeny,  1861,  where 
9omo  admirable  engravings  and  woodcuta  are  given  of  the  more  striking  features  of  the 
manrelloaa  scenery  of  thMe  regions. 

X  See  pottea,  p.  426,  for  a  reference  to  the  gravel  detritus  of  the  Rhine. 
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The  researches  of  the  late  Mr.  Hopkins  have  shown  that  the  power  of  water 
to  move  bodies  that  are  in  it  increases  as  the  sixth  power  of  the  Telocity  of  the 
current.     Thns,  if  we  double  the  velocity  of  a  current,  its  motive  power  is  in- 
creased 64  times ;  if  its  velocity  be  multiplied  by  3,  its  motive  power  will  be 
increased  729  times  ;  if  by  4,  4096  times  ;  and  so  on.*    In  studying  the  mechani- 
cal force  of  water  upon  rock  also,  it  is  necessary  to  bear  in  mind  ti^t  all  earths 
and  stones  lose  fully  a  third  of  their  weight  when  suspended  in  water.    These 
considerations  enable  us  to  understand  more  readily  the  fact  of  blocks  of  rock, 
many  tons  in  weight,  having  been  removed  from  breakwaters  and  jetties,  and 
carried  sometimes  many  yards  during  great  storms,  as  also  of  still  larger  blocks 
hurried  along  by  floods,  etc.     The  rolling  power  of  water  upon  stones  lying  in  its 
bed  depends  greatly  on  their  shape  also,  the  same  current  being  easily  able  to  roll 
along,  in  the  form  of  rounded  pebbles,  pieces  of  rock  which  it  would  be  quite  unable 
to  move  if  they  were  in  the  shape  of  flat  slabs  ;  while,  conversely,  flat  slabs  or 
flakes  would  float  more  easily,  or  sink  more  slowly,  than  rounded  or  square-sh^wd 
fragments  of  the  same  weight  and  cubic  contents.    Flakes  of  mica,  as  Sir  C. 
Lyell  observes,  therefore,  might  be  floated  and  transported  onwards  where  grains 
of  quartz,  even  though  lighter  than  the  mica,  would  sink  ;  and,  on  the  other  hand, 
rounded  quartz  pebbles  might  be  rolled  forward  where  smaller  and  flatter  pieces, 
in  the  shape  of  shingle,  woidd  be  brought  to  rest. 

Mr.  Babbage,  in  treating  of  this  subject,  f  supposes  the  case  of  a  river,  the 
mouth  of  which  is  100  feet  deep,  delivering  four  varieties  of  fine  detritus  into  a 
sea  which  has  a  uniform  depth  of  1000  feet  .over  a  great  extent,  which  sea  is 
traversed  by  one  of  the  great  ocean  currents,  moving  with  a  certain  given  velocity.^ 
He  takes  for  granted  that  the  four  varieties  of  detritus  are  such  as,  from  th^  size, 
shape,  and  specific  gravity,  would  fall  through  still  water,  the  first  ten  feet  per 
hour,  the  second  eight  feet,  the  third  five  feet,  and  the  fourth  four  feet.  The  com- 
bined effect  of  the  downwaid  motion  of  the  detritus  and  the  onward  motion  of  the 
water,  would  then  bring  the  first  variety  to  the  bottom  of  the  sea,  at  a  distance 
of  180  miles  from  the  river's  mouth,  and  strew  it  over  a  space  20  miles  long  ;  the 
second  variety  would  only  begin  to  reach  the  bottom  225  miles  from  the  river's 
mouth,  and  would  be  spread  over  25  miles,  and  so  on,  as  in  the  following 
Table : — 


No. 

Velocitv  of 
fall  per  hour. 

Nearest  distance 
of  deposit  to 
River  mouth. 

Length  of 
deposit 

Greatest  distance 

of  deposit  from. 

River  mouth. 

1 
2 
3 
4 

Feet 

10 
8 
5 
4 

Miles. 

180 
225 
360 
450 

Miles. 

20 
25 
40 
50 

MUes. 

200 
250 
400 
500 

We  should  thus  have,  proceeding  from  the  same  river,  and  poured  into  the 
sea  either  simultaneously  or  at  different  times,  four  different  and  widely  separated 
patches  of  mud  or  clay  formed  on  the  sea  bottom.    This  subject  was  suggested  to 

*  Presidential  Address  to  GeoL  Soc  London  for  1852,  p.  xxvii. 

t  In  a  paper,  of  which  an  abstract  appeared  in  the  JoumaZ  of  the  GeologUxd  Soeietf, 
November  1866. 

t  The  supposed  velocity  of  the  river  and  ocean  current  Is  not  stated  in  the  ahstiaet,  bd 
from  the  calculation  would  appear  to  have  been  taken  at  two  miles  per  hour. 
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Mr.  Babbage  from  bis  observing  tbe  extreme  slowness  witb  wbich  a  very  fine 
powder,  even  of  a  very  beavy  substance,  sucb  as  emery,  subsides  in  water,  and  he 
speaks  of  mud-clouds  being  suspended  in  the  depths  of  the  ocean,  where  the 
density  of  the  water  increases,  for  vast  periods  of  time. 

Dr.  Livingstone  (in  his  Missionary  Travels  in  South  Africa^  p.  598)  describes 
rivers  which  ordinarily  have  more  sand  in  them  than  water.  He  says,  '*  We  came 
to  the  Zingesi,  a  sand  rivulet  in  flood.  It  was  sixty  or  seventy  yards  wide,  and 
waist-deep.  Like  all  these  sand  rivers  it  is  for  the  most  part  dry ;  but,  by 
digging  down  a  few  feet,  water  is  to  be  found,  which  is  percolating  along  the  bed 
on  a  stratum  of  clay.  ...  In  trying  to  ford  this,  I  felt  thousands  of  particles 
of  coarse  sand  striking  my  legs.  .  .  .  These  sand  rivers  remove  vast  masses 
of  disintegrated  rock  before  it  is  fine  enough  to  form  soiL  .  .  .  The  shower  of 
particles  and  gravel  which  struck  against  my  legs  gave  me  the  idea  that  the  amoimt 
of  matter  removed  by  every  freshet  must  be  very  great.  In  most  rivers  where 
much  wearing  is  going  on,  a  person  diving  to  the  bottom  may  hear  literally 
^ousands  of  stones  knocking  against  each  o^er.  This  attrition  being  carried  on 
for  hundreds  of  miles  in  difl'erent  rivers,  must  have  an  effect  greater  than  if  all 
the  pestles  and  mortars  and  mills  of  the  world  were  grinding  and  wearing  away 
the  rocks.'* 

The  temporary  damming  up  of  rivers,  and  subsequent  breaking  down  of  the 
barrier,'  and  escape  of  the  lake  formed  above  it,  produce  sometimes  the  most  re- 
markable instances  of  the  power  of  moving  water.  Rocks  as  big  as  houses  are 
thus  set  in  motion,  and  carried  sometimes  for  very  considerable  distances  down 
the  valleys.* 

The  amount  of  mechaDical  work  done  by  rivers  can  be  estimated 
hy  examining  their  waters  at  different  periods,  and  determining  their 
solid  contents.  When  this  is  done  by  evaporating  the  water,  the 
result  gives  both  the  mechanically  suspended  mineral  matter,  and 
also  that  which  was  chemically  dissolved  in  the  water. 

The  total  mineral  matter  carried  down  by  the  Ganges  into  the  sea,  according  to 
Everest,  is  6,368,077,440  cubic  feet  per  annum.  Lyell  calculates  that  for  the 
transport  of  this  quantity,  it  would  require  a  fleet  of  2000  Indiamen,  each  of 
1400  tons,  to  start  every  day  throughout  the  yea^.  Such  a  mass  of  matter  would 
cover  a  square  space  fifteen  miles  in  the  side  every  year  with  mud  a  foot  deep,  or 
would  raise  the  whole  surface  of  Ireland  one  foot  in  the  space  of  144  years.  The 
Brahmapootra  probably  carries  an  equal  quantity. 

The  Mississippi,  according  to  the  measurements  of  Messrs.  Humphreys  and 
Abbot,  conveys  every  year  into  the  Gulf  of  Mexico  19,500,000,000,000  cubic  feet 
of  sediment,  f 

Mr.  Barrow  calculated  that  the  Yellow  River  (Hoang  Ho),  in  China,  carried 
down  into  the  Yellow  Sea  48,000,000  of  cubic  feet  of  earth  dailpf  so  that,  assum- 
ing the  Yellow  Sea  to  be  120  feet  deep,  an  English  square  mile  might  be  converted 
into  dry  land  every  seventy  days,  and  supposing  its  area  to  be  125,000  square 
mUes,  the  whole  would  be  made  into  terra  firma  in  24,000  years. 

These  examples  are  cited  here  in  illustration  of  the  nature  and 
extent  of  the  transport  of  detritus  by  rivers.  But  additional  instances 
will  be  given  in  a  subsequent  chapter,  when  we  come  to  speak  of  the 

*  See  Lyell,  at  above ;  also  Jameson's  MinenUogy,  vol.  iiL,  and  De  la  Heche's  Manual 
and  Gtologieal  Ohurvtr, 

I  Beport  upon  the  Phygict  a/nd  Hydraulict  of  (he  Missiitippi,  1B61, 
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sum  total  of  effects  produced  by  all  tlie  various  agents  of  waste  in  the 
general  denudation  of  the  land.  In  the  meantime,  it  may  be  remarked 
that  the  annual  amount  of  sediment  carried  into  the  sea  by  a  river,  re- 
presents the  extent  to  which  the  area  drained  by  that  river  has  had  its 
surface  lowered  in  one  year.  But  this  lowering  is  not  equally 
distributed  over  the  whole  basin  of  drainage.  It  is  greatest  along  the 
lines  by  which  the  superfluous  water  is  conveyed  back  to  the  sea,  that 
is,  along  the  valleys,  and  least  along  the  ridges  and  table-lands.  Thus 
the  drainage  of  a  country,  as  is  proved  by  the  river-bome  detritus, 
necessarily  gives  rise  to  a  system  of  valleys  ranging  from  the  mountain- 
tops  outward  and  downward  to  the  sea.  This  subject,  however,  will 
be  discussed  in  Chapters  XXV.  and  XXVL  * 

(3.)  Beproduotive. — When  a  river  reaches  a  level  tract  on  which  its 
motion  is  slow,  and  over  part  of  which  it  can  flow  in  flood,  it  deposits 
its  sediment,  and  forms  what  is  called  alluvium.  This  deposit,  con- 
sisting of  earth,  silt,  mud,  or  gravel,  may  be  laid  down  either  on 
one  or  on  both  sides  of  the  river,  where  it  forms  a  level  tract,  the  sur- 
face of  which  is  increased  by  each  fresh  layer  of  sediment,  until  even 
the  highest  flood  can  no  longer  cover  the  plain.  As  the  stream 
continues  to  deepen  its  channel,  and  as  from  inequalities  in  the 
nature  of  its  bank,  sometimes  of  the  most  trifling  kind,  it  is  turned 
from  side  to  side  in  wide  curves  and  loops,  it  cuts  into  its  old  alluvium, 
and  makes  a  newer  plain  at  a  lower  leveL  Further  erosion  of  the  bed 
enables  the  stream  to  attack  this  later  alluvial  deposit,  and  form  a  still 
newer  and  lower  one.  Thus  the  river  comes  to  be  bordered  with  a 
succession  of  terraces,  each  of  which  represents  a  former  flood-level  of 
the  stream.  In  studying  the  old  river-terraces  of  a  country  we  have 
also  to  consider  whether  they  indicate  former  periods  of  greater  rain&ll, 
and  point  to  any  movement  of  upheaval  of  the  interior  which  would 
quicken  the  erosive  action  of  the  streams,  or  any  depression  of  the 
interior  or  rise  of  the  seaward  tracts,  which  would  diminish  that  action 
and  increase  the  deposition  of  alluvium. 

It  is  evident,  however,  that  the  deposition  of  any  sediment  on  the 
land  is  only  temporary,  and  that  the  inevitable  fate  of  all  the  waste  of 
the  land  is  to  be  idtimately  carried  to  the  ocean. 

The  materials  borne  in  suspension  by  a  river,  or  rolled  along  its 
bed,  are  deposited  at  the  river  mouth,  in  a  lake,  or  in  the  sea.  As  they 
are  pushed  forward  the  land  gains  by  the  formation  of  a  flat  alluvial 
tract,  to  which  the  name  of  delta  has  been  given,  from  its  resemblance 
to  the  Greek  letter  A,  the  apex  of  the  letter  however  pointing  up  the 
river,  and  the  base  fronting  the  sea  or  lake.    K  we  follow  the  course  of 

*  For  dear  and  eloquent  deeoripUon  of  the  erosion  of  valleys  by  Tiver-aotion,  the  gtodcnt 
will  find  no  work  in  the  English  language  equal  to  Playfaii's  IttustraiUmt  qf  tht  HuttpniB* 
Theory.    See,  in  particular,  note  xvi.  On  Bivtrs  and  Laka, 
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any  river  from  its  sources  to  its  termination,  we  perceive  that  the  size  of 
the  river  and  the  volume  of  water  it  contains  is  continually  increased 
by  the  accession  of  tributary  streams,  now  on  one  side  and  now  on 
another.  No  stream  ever  flows  out  of  a  river,  nor,  except  in  extremely 
rare  cases,  does  the  river  ever  divide  into  two  streams,  save  for  a  short 
distance,  where  a  comparatively  small  island  may  have  been  formed  in 
some  flat  or  rocky  part  of  its  bed-  When,  however,  we  follow  a  river  down 
to  a  low  flat  country  on  its  approach  to  a  lake,  or  to  a  part  of  the  sea  at 
the  head  of  a  bay  or  gulf,  or  where  no  oceanic  currents  sweep  across 
its  mouth,  we  then  find  the  river  split  up  into  two  or  more  branches  by 
the  formation  of  a  delta.  In  the  delta  part  of  a  river  an  entire  change 
takes  place  in  its  nature  ;  instead  of  cgntinually  receiving  fresh  acces- 
sions of  water,  and  so  becoming  larger  and  larger,  the  hver  now  splits 
into  smaller  and  smaller  channels.  In  the  upper  parts  fresh  accessions 
of  earthy  matter  are  brought  into  it,  but  now  it  begins  to  deposit  the 
sediment  it  contains.  In  fact  the  river  properly  ceases  at  the  head  of 
the  delta,  where  its  mouth  originally  was,  and  its  water  merely  finds  its 
way  out  into  the  lake  or  sea  below  in  the  best  fashion  it  can,  through 
the  mud  with  which  it  has  choked  its  own  mouth. 

The  Rhine,  when  it  enters  Holland,  is  lost  in  a  great  deltoid  flat,  among  a 
number  of  bifurcating  channels,  in  which  its  waters  are  mingled  with  those  of  the 
Heose,  the  Sambre,  the  Scheldt,  and  other  rivers,  which  have  all  contributed  to 
produce  the  low  marshy  ground  that  skirts  the  coast  of  Belgium,  and  forms 
nearly  the  whole  of  the  Netherlands.  So  obviously  is  the  delta  of  the  Nile  the 
production  of  that  river,  that  Herodotus  remarked  that  **  Egypt  was  the  gift  of 
the  Nile,"  and  that  the  sea  probably  once  flowed  up  to  Memphis,  now  more  than 
100  miles  from  the  coast-line,  the  old  gulf  having  been  filled  up  by  the  Nile  mud, 
as  the  Red  Sea  would  be  filled  up  if  the  Nile  were  turned  into  it.  The  edge  of 
the  present  delta,  which  is  150  miles  wide,  is,  however,  now  swept  by  a  powerful 
cnrrent,  which  carries  off  all  detritus  delivered  into  it,  and  thus  future  increase  is 
prevented.  Otherwise  the  Nile  would  by  this  time  have  formed  a  long  tongue  of 
land  projecting  into  the  Mediterranean,  just  as  the  Mississippi  has  projected  a 
tongue  of  land  50  or  60  miles  long  into  the  Gulf  of  Mexico,  having  previously 
filled  up  the  inlet  which  formerly  penetrated  from  that  sea  deeply  into  North 
America,  and  received  the  rivers  more  than  100  miles  inland  from  the  present 
coast.* 

The  Qanges  first  bifurcates  at  a  distance  of  220  miles  from  the  present  coast, 
and  the  river  may  be  said,  like  the  Rhine  on  entering  Holland,  properly  to  ter- 
minate there,  for  below  that  it  splits  into  numerous  channels  among  marshy 
ground,  which  it  has  formed  in  copjunction  with  the  Brahmapootra  and  other 
rivers.  This  muddy  flat  stretches  for  260  miles  along  the  head  of  the  Bay  of 
BengaL  Dr.  Hooker,  in  his  description  of  this  district,  f  speaking  of  its  eastern 
border,  remarks  that  **  the  mainland  of  Noacolly  is  gradually  extending  seawards, 
and  haB  advanced  four  miles  within  twenty-three  years.  The  elevation  of  the 
surface  of  the  land  is  caused  by  the  overwhelming  tides  and  north-west  hurricanes 
in  May  and  October  ;  these  extend  thirty  miles  north  and  south  of  Chittagong, 
and  carry  the  waters  of  the  Megna  and  Fenny  (branches  of  the  Brahmapootra) 
back  over  the  land  in  a  series  of  tremendous  waves  that  cover  islands  of  many 

*  Lyell,  FrineipUs,  voL  L  chape.  zviU.  and  xix.  f  Himaiayan  JotimalSf  vol  li,  p.  341 
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hundred  acres,  and  roll  three  miles  into  the  mainland.  On  these  occasions  the 
average  earthy  deposit  of  silt  separated  by  micaceous  sand  is  an  eighth  of  an  inch 
for  every  tide,  but  in  October  1848  these  tides  covered  Sundeep  island,  deposited 
six  inches  on  its  level  surface,  and  filled  up  with  mud  ditches  several  feet  deep." 
The  bifurcations  of  the  Brahmapootra  commence  even  further  from  ^e  sea  than 
those  of  the  Gkmges,  and  there  is  a  great  flat  of  more  than  100  miles  in  width 
between  the  two,  in  which  a  number  of  lesser  streams,  proceeding  directly  from 
the  southern  slopes  of  the  Himalayas,  likewise  bifurcate,  some  of  them  beginning 
to  do  so  at  300  miles  from  the  sea-coast.  It  would  appear,  therefore,  that  we 
have  here  a  vast  river-deltoid  deposit,  covering  an  area  of  something  like  50,000 
or  60,000  square  miles,  or  more  than  that  of  England  and  Wales.  An  Artesian 
well,  481  feet  deep,  was  bored  at  Calcutta,  of  which  the  upper  400  feet  at  least 
may  be  stated  as  river-deposit,  although  giving  evidence  at  one  or  two  places  of 
the  land  having  formerly  been  at  a  higher  level,  and  the  river  therefore  having 
brought  coarser  materials  than  now.*  Large  and  thick  as  this  great  mass  of  mere 
river-washing  may  appear,  it  does  not  represent  the  whole  quantity  brought  down, 
since  we  learn  from  Lyell  that  outside  the  part  which  may  be  called  actually  limd, 
there  is  a  gradual  slope  out  to  sea  of  more  than  100  milra — the  water  slowly  and 
regularly  deepening  from  4  to  60  fathoms.  In  the  centre  of  this  submarine  slope, 
too,  is  a  deep  hole  about  15  miles  across,  called  "the  swatch  of  no  ground,"  in 
which  no  bottom  is  found  with  100,  or  even  130  fathoms  of  line,  giving  us  appa- 
rently a  measure  of  the  depth  the  water  would  have  had  over  the  whole  neighbour- 
ing space  if  it  had  not  been  for  the  mud  brought  down  by  the  river. 

In  a  paper  on  recent  changes  in  the  Delta  of  the  Ganges,  by  Mr.  Fei^guson,  f 
it  is  shown  that  2000  years  ago  large  parts  of  the  now  densely  peopled  plains 
round  the  lower  part  of  the  Ganges  must  have  been  mere  swamps ;  that  the 
Delta,  properly  so  called,  cannot  have  been  fit  for  extensive  occupation  before  the 
fourteenth  century,  and  that  parts  of  Assam,  now  uninhabitable  swamps,  will  in  a 
few  centuries  become  dry  plains.  He  also  says,  that  in  the  "  swatch  of  no  ground  " 
there  is  even  as  much  as  300  fathoms  with  "  no  bottom,"  and  shows  how  the 
action  of  the  tidal  currents  has  been  such  as  to  keep  this  central  channel  swept 
clear  of  the  deposit  that  has  been  thrown  down  around  it. 

The  great  rivers,  however,  which  do  not  block  up  their  own  mouths  with  a 
delta,  do  not  the  less  on  that  account  carry  down  sediment  into  the  sea.  The  Rio 
Plata  and  the  Amazon  have  their  mouths  swept  comparatively  clean,  partly  by  the 
force  of  their  own  current  carrying  out  the  detritus  into  deep  water,  and  partly  by 
the  oceanic  currents  which  travel  past  their  mouths  aiding  them  in  this  transport. 
The  river  St.  Lawrence  is  greatly  strained  of  sediment  by  having  to  pass  throng 
the  large  lakes  which  it  must  first  fiU  up  and  convert  into  dry  land  before  it  can 
begin  to  form  a  delta  at  its  mouth. 

The  Thames  and  Severn,  and  other  smaller  rivers  of  our  own  islands  and  other 
parts  of  the  world,  fall  into  the  tidal  waters  with  too  short  and  too  rapid  a  slope 
to  commence  the  formation  of  a  regular  delta,  the  falling  tide  helping  the  river-flow 
to  scour  out  the  embouchures,  although  many  large  sandbanks  are  formed  in 
them.  The  set  of  the  currents  in  the  German  Ocean  seems  to  be  directed  from 
the  continental  and  against  the  English  shores  ;  but  where  any  part  of  the  latter 
is  protected  from  the  sweep  of  those  currents,  as  in  the  deep  bight  called  the  Wash, 
between  Norfolk  and  Lincolnshire,  there  the  rivers  make  a  deltoid  flat  or  great 
marsh,  scarcely  above  the  level  of  the  sea.  Such  are  "  the  fens  "  of  Cambridge 
and  Lincoln,  a  tract  of  about  2000  square  miles,  the  product  of  the  rivers  Witham, 
Welland,  Nen,  Ouse,  Cam,  and  others.  In  the  tropics  these  fens  would  have  a 
huge  mangrove  swamp  along  their  seaward  edge,  while  inside  that  there  would  be 
a  jungle  like  the  Sunderbunds  of  the  Gangetic  delta. 

•  LyeU,  Op.  dt,,  chap.  lix.  f  Quart.  Journ.  Gm)L  5oc,  xix. 
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In  the  alluvial  deposits  formed  by  rivers,  the  remains  of  land  and 
freeh-water  plants  and  animals  are  often  entombed  and  preserved. 
Large  quantities  of  drift-wood  are  often  carried  down  by  floods  ;  and 
bodies  of  large  animals  are  swept  off  to  be  buried  in  the  delta,  or  even 
to  be  carried  out  to  sea.  Hence,  in  deposits  formed  at  the  mouths  of 
rivers,  we  may  always  expect  to  find  abundant  terrestrial  organic 
remains. 

4.  Frozen  Water. 

When  fresh  water  imder  ordinary  circumstances  is  cooled  down  to 
32°  Fahr.  it  passes  into  the  solid  state,  and  is  then  known  under  the 
names  of  frost,  snow,  and  ice.  In  this  form,  however,  it  is  not  with- 
drawn from  the  general  system  of  circulation.  It  stiU  continues  to 
move  from  land  to  sea,  but  in  doing  so  is  endowed  with  new  powers  as 
a  geological  agent 

a.  Frost. 

It  is  now  well  known  that  when  water  in  cooling  reaches  a  tempera- 
ture of  39^°  Fahr.  it  begins  to  expand,  and  in  this  expanded  state  becomes 
solid  at  32^.  If  rain  soaks  into  soils  and  rocks,  and  fills  up  either  the 
small  pores,  or  the  crevices,  joints,  and  fissures,  by  which  all  rocks  are 
traversed,  and  this  water  then  freezes,  the  expansion  which  accompanies 
its  conversion  into  ice  exercises  a  powerful  mechanical  force,  the  effect 
of  which  will  be  either  the  disintegration  of  the  particles  in  the  one 
case,  or  the  breaking  and  rending  asunder  of  the  larger  masses  in  the 
other.  On  mountain  simmiits  and  sides,  subject  to  great  vicissitudes 
of  temperature,  this  agency  exerts  no  mean  effect  The  hardest  rocks 
may  be  broken  up  by  it,  and  enormous  blocks  ultimately  displaced 
and.  toppled  over  precipices,  or  set  rolling  down  slopes,  to  suffer  still 
further  fracture,  and  produce  still  greater  ruin  in  their  falL  We  see 
its  effects,  too,  in  the  way  in  which,  after  a  strong  frost,  the  soU  of 
fields  and  soft  roads  is  found  to  be  loosened  and  pulverised. 

Few  men  live  in  situations  enabling  them  to  observe,  and  of  these 
still  fewer  have  the  ability  or  the  inclination  to  record,  the  amount  of 
this  agency  in  the  remote  places  where  it  is  greatest.  Its  amount, 
however,  may  be  estimated  by  the  piles  of  angular  fragments,  lying  at 
the  foot  of  crags  and  precipices,  or  sometimes  on  the  steep  summits  of 
the  mountains,  where  they  are  the  ruins  of  formerly  existing  ''  tors  ^ 
and  pinnacles.  Captain  Beechy,  in  his  voyage  towards  the  North  Pole, 
describes  the  amount  of  this  action  as  very  great  in  Spitzbergen.  He 
foimd  the  mountains  rapidly  disintegrating  from  the  great  absorption 
of  wet  during  summer,  and  its  dilatation  by  frost  in  winter.  "  Masses 
of  rock  were,  in  consequence,  repeatedly  detached  from  the  hills, 
accompanied  by  a  loud  report,  and  falling  from  a  great  height,  were 
shattered  to  fragments  at  the  base  of  the  mountain,  there  to  undergo 
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a  more  active  disintegration/'  Soil  was  thus  formed  np  to  1500  feet 
above  the  sea.*  Similar  observations  were  made  by  Dr.  Kane  in 
North  Greenland,  where  the  waste  of  the  diSa  by  frost  goes  on  every 
year  on  a  great  scale.t 

The  effects  of  frost  upon  rivers,  in  enabling  them  to  transport  sand, 
mud,  gravel,  and  large  blocks  of  rock,  have  been  already  referred  to. 

/3.  Snow. 

When  rain  or  aqueous  vapour  is  cooled  down  to  the  freezing  point, 
as  it  passes  through  a  cold  layer  of  the  atmosphere,  it  is  frozen,  and  &lla 
to  the  earth  as  hail  or  snow.  Hailstones,  when  of  large  size,  are  often 
destructive  to  cattle  and  vegetation.  Snow,  when  it  does  not  faU 
deeply,  and  remains  stationary  and  unmelted,  exercises  a  protective 
influence  on  the  face  of  the  land,  shielding  rocks,  soils,  and  vegetation 
from  the  disintegrating  effects  of  frost.  When,  however,  it  accumulates 
to  a  great  depth  on  forests  and  woodlands,  its  weight  sometimes  breaks 
down  branches  and  even  bends  down  entire  trees.  In  like  manner, 
when  the  deep  accumulations  of  snow  are  formed  on  steep  slopes,  they 
are  apt  to  be  loosened  by  thaw,  by  springs,  or  by  their  own  increaBing 
weight,  and  large  masses,  called  in  Switzerland  avalanches,  are  let  loose, 
and  sweep  down  into  the  valleys,  carrying  ruin  and  desolation  as  far  as 
they  reach.  In  the  more  exposed  parts  of  the  chief  routes  in  moun- 
tainous countries,  exposed  to  such  snow-slides,  archways  are  built  over 
the  roads,  and  woods  are  protected  with  care,  as  a  bulwark  against  the 
descending  snow.f  The  rapid  thawing  of  snow  gives  rise  to  great 
floods.  Hence,  in  Switzerland,  a  warm  south  wind  in  early  sununer 
may,  by  quickly  melting  the  snows  on  the  mountains,  give  rise  to 
disastrous  inundations,  even  though  the  weather  should  be  fine  and 
rainless. 

7*  Qlaoiers. 

When  mountains  are  covered  by  perpetual  snow,  all  the  parts  bo 
covered  are  protected  by  this  envelope  from  change.  In  such 
situations,  however,  the  moving  power  of  water  takes  another  form, 
that  of  the  glacier,  or  "  river  of  ice."  The  lower  border  of  the  per- 
petual snow-mass  passes  into  ice,  chiefly  from  the  pressure  of  the 
mass  above,  but  partly  from  the  alternation  of  melting  and  freezing 
temperatures,  just  as  snow  on  the  roof  of  a  house  forms  icicles  at  its 
lower  edge,  when  some  of  it  is  melted  by  the  sun  or  the  warmth  of  the 
house,  and  re-frozen  by  the  cold  from  radiation  or  the  next  night's 
frost  This  ice  accimiulates  in  the  valleys,  and  is  frozen  into  a  solid  or 
nearly  solid  mass,  called  a  glacier.     Qlaciers  sometimes  fill  up  valleys 

•  See  Sir  J.  Richardson's  Polar  Voyages,  p.  207. 
t  See  Kane's  Arctic  Exploration*,  and  Hayes'  Open  Polar  Sea. 

X  See  ante,  p.  882. 
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of  the  Alps  twenty  or  thirty  miles  long,  by  a  mile  or  more  wide,  to  the 
depth  of  600  feet^  or  more.  Although  apparently  solid  and  stationary, 
they  really  move  slowly  down  the  valleys,  and  carry  with  them,  either 
on  the  surface,  fix>zen  into  their  mass,  or  grinding  iJong  the  bottom,  aU 
the  fragments,  large  and  small,  from  blocks  many  tons  in  weight,  down 
to  the  finest  sand  and  mud,  which  rain,  and  ice,  and  the  friction  of  the 
moving  glacier  itself,  detach  from  the  adjacent  rocks.  The  glaciers  of 
the  Alps  descend  to  a  vertical  depth  of  nearly  4000  feet  below  the  line 
of  perpetual  snow,  before  they  finally  melt  away,  and  leap  forth  as 
rivers  of  running  water.  The  confused  pile  of  materials,  of  all  sorts 
and  sizes,  which  they  there  deposit,  is  called  the  moraine.  This  word 
is  also  applied  to  the  lines  of  blocks  that  are  carried  along  on  the  surface 
of  the  ice.  When  these  lines  of  rock-rubbish  run  along  the  margin 
of  the  glacier  they  are  called  the  lateral  moraines,  the  one  at  the  end 
of  the  glacier  being  styled  the  terminal  moraine.  It  is  easy  to  under- 
stand that  a  glacier  slipping  down  its  valley  must  bear  on  its  sides  the 
blocks  that  fall  from  the  adjacent  cliffs,  just  as  a  river  would  carry 
down  the  sticks  and  leaves  from  the  woods  on  its  banks.  A  line  of 
debris  may  thus  be  seen  on  each  side  of  the  glacier,  and  if  two  ice- 
streams  unite,  the  two  lines  of  transported  substances  on  their  adjacent 
sides  would  likewise  unite,  and  be  carried  down  as  a  medial  mjoraine 
along  the  centre  of  the  stream  below  the  junction.  In  this  manner,  if 
a  glacier  have  many  tributaries  in  its  upper  parts,  the  lower  portion  of 
it  may  have  many  medial  lines  of  moraine,  and  in  some  cases  so  many 
as  to  be  entirely  covered  with  a  confused  coating  of  debris.* 

The  glaciers  of  the  Alps,  and  other  mountainous  regions  in  temperate 
or  intertropical  latitudes,  are  only  found  in  the  valleys,  and  are  to  be 
regarded  as  the  drainage  of  the  suow-fall,  just  as  rivers  are  the  drainage 
of  the  rain-fall  of  a  country.  But  in  the  polar  regions  the  land  is 
enveloped  in  a  vast  sheet  of  snow  or  ice,  which,  augmented  by  constant 
falls  of  snow  upon  its  surface,  moves  slowly  but  irresistibly  over  the 
land,  down  to  the  sea.  Greenland  is  a  great  continent  buried  imder 
such  a  pall  of  snow.  All  its  inequalities,  save  the  mere  sharp  moun- 
tain summits,  are  concealed,  and  the  snow  pressing  down  the  slopes,  and 
even  mounting  over  the  minor  hills,  passes  beneath  into  compact  ice. 
From  all  the  main  vcdleys  great  tongues  of  ice,  2000  or  3000  feet 

*  For  descriptions  of  the  glaciers  of  the  Alps,  and  the  cause  of  the  motion  of  glaciers, 
•ee  tiie  works  of  Agassis  and  Charpentier,  J.  Forbes,  and  Dr.  Tyndall ;  also  papers  on 
glacier  motion,  by  Canon  Moseley,  Proceeding$  of  (hi  Royai  Society,  zviL  202 ;  by  the  late 
Mr.  BopUns,  JTuoretiooU  Invatigatioiu  on  tfu  Motion  of  Glaciers^  Cambridge,  1842,  and 
Comb.  PkU.  Trans.  1864  ;  and  by  Mr.  Croll,  PhU.  Mag.,  March  1869  and  September  1870 ; 
for  the  glaciers  of  the  Himalaya,  Dr.  Hooker's  Himalayan  JowmaJU,  and  papers  by  Captain 
Oodwin-Ansten  in  the  Jowmal  of  iht  Geographical  Society.  The  student  of  glacial  action 
should  not  fail  to  consult  a  brief  but  valuable  **  Report  on  Ice  as  an  Agent  of  Geologic 
Change,"  in  the  Report  of  the  BriHsh  Aesociation  for  1869,  p.  171. 
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thick,  and  sometimes  50  miles  or  more  in  breadth,  are  thus  pushed  ont 
to  sea,  where  thej  break  off  in  huge  fragments,  which  float  away  as 
icebei^  * 

The  river  of  water  that  always  springs  from  the  end  of  a  glacier,  is, 
of  course,  quite  unable  to  move  the  larger  blocks  which  have  been 
carried  down  by  the  glacier,  and  they  remain  in  the  terminal  moraine 
imtil  they  are  worn  away,  or  broken  up  by  atmospheric  influences. 
The  river,  however,  carries  off  at  once  the  fine  mud  and  impalpable 
powder  t  derived  from  the  grinding  action  of  the  glacier,  and  flows 
as  a  dirty  yellowish  or  greenish  white  stream,  until  it  reaches  the 
sea,  or  some  great  lake  like  that  of  Geneva,  in  which  the  sediment 
may  be  deposited.  The  Rhone  that  has  become  purified  in  the  Lake  of 
Geneva  is,  shortly  after  issuing  from  it,  contaminated  by  the  Arve  and 
other  rivers  below.  The  Rhine  deposits  its  own  proper  sediment  in  the 
Lake  of  Constance,  and  the  muddy  rivers  that  descend  from  the  northern 
slopes  of  the  Bernese  Oberland  are  likewise  filtered  by  lakes,  so  that  the 
glacial  detritus  of  Switzerland  is  fiot  carried  into  the  North  Sea,  as  it  is 
by  the  Rhone  into  the  Mediterranean.  Much  of  the  mud  poured  into  the 
Adriatic  by  the  Po  must  come  from  the  glaciers  of  Mont  Blanc,  and  its 
neighbourhood,  that  descend  towards  the  Yal  d*Aosta.  In  like  manner, 
from  the  same  great  central  group  of  European  mountains,  the  finer 
detritus  delivered  from  the  glaciers  of  the  Tyrol  by  the  Inn  into  the 
Danube,  is  borne  eastwards  and  thrown  down  in  the  Black  Sea.  We 
shall  see  in  a  subsequent  chapter,  that,  during  a  time  known  as  the 
Glacial  Period,  when  the  quantity  of  snow  and  ice  in  Europe  was 
enormously  greater  than  it  is  now,  the  swollen  muddy  rivers  from  the 
Alps  laid  down  a  vast  amount  of  mud,  now  called  loess,  over  the  valleys 
and  plains  frx}m  the  North  Sea  to  the  Euxine. 

The  amoimt  of  fine  sediment  which  discolours  all  streams  that  escape 
from  the  melting  ends  of  glaciers,  is  an  index  to  the  amount  of  erosion 
which  glaciers  are  ceaselessly  carrying  on.  This  erosion  is  effected  not 
by  the  mere  contact  and  pressure  of  the  ice  upon  the  rocks,  but  by 
means  of  the  fine  sand,  stones,  and  blocks  of  rock,  which,  falling  between 
the  sides  of  the  glaciers  and  the  bounding  rocks,  or  through  crevasses 
or  rents  of  the  ice,  are  ground  down  against  the  sides  and  bottom  of  the 
valley  as  the  ice  moves  downward.   The  hardest  rock  is  thus  worn  away, 

*  See  Kane  and  Hayes,  in  the  works  already  cited ;  also  Rink,  /ottm.  Geograph.  Soc^ 
ToL  xxiii. 

t  The  Ice  of  a  glacier  seems  in  its  lower  part  to  be  always  toJl  of  little  bnbbles,  cod> 
taining  small  nests  of  this  dirty  powder.  The  author  observed  in  the  summer  of  I860,  that 
at  some  of  the  hotels  in  Switzerland  (esi>ecially  at  Chamounix,  at  the  Hotel  des  LondresX 
ice  was  provided  at  the  table  d'hote.  This  was  of  course  glacier-ice,  snd  on  putting  apiece 
of  it  into  a  glass  of  water,  first  one  and  then  another  of  the  little  bubbles  in  the  ice  burst, 
as  its  walls  melted,  and  a  cloud  of  sediment  was  discharged  into  the  water,  so  that  in  the 
space  of  ten  minutes  the  glass  of  water,  which  was  at  first  qoite  clear,  became  as  turbid,  as 
if  a  spoonful  of  milk  had  been  dropped  into  it 
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and,  if  the  ice  retires  from  it  for  a  while,  we  see  its  surface  worn  smooth 
and  covered  with  fine  strias  and  deeper  grooves,  which  show  where  the 
grains  of  sand  or  points  of  stones  were  kept  fast  in  the  ice,  as  in  a  vice, 
and  scored  the  rock  over  which  they  were  pushed.  Inequalities  in  the 
power  of  resistance  of  the  rock  give  rise  to  a  wavy  undulated  surface,  the 
prominences  or  harder  parts  heing  usually  smoothed  off  into  the  shape 
of  a  whale's  back,  and  in  that  form  known  as  roches  moutonnSes.  They, 
as  well  as  the  hollows  or  softer  parts,  are  scored  from  end  to  end  with 
BtrisB  and  grooves  in  the  direction  in  which  the  ice  has  moved. 

The  existence  of  softer  parts  in  a  rock  has  enabled  the  ice  of  a  glacier 
to  scoop  out  not  only  long  confluent  hollows,  but  even  basin-shaped 
cavities,  which,  on  the  retirement  of  the  ice,  are  filled  with  water  and 
form  lakes,  unless  choked  up  with  the  glacial  detritus.  A  similar  kind 
of  erosion  may  take  place  even  without  any  marked  variety  of  texture 
in  the  rock,  if  the  glacier  is,  as  it  were,  strangled  by  a  constriction  of  the 
valley,  and  is  made  to  exert  an  enormous  grinding  action  on  the  rocks, 
as  it  squeezes  itself  through  or  over  the  obstruction.  Running  water 
tends  to  fill  up  lakes,  not  to  form  them,  and,  as  Professor  Ramsay  first 
pointed  out,  the  only  general  agent  which,  so  far  as  we  know,  can  dig 
out  cavities  in  any  solid  rock,  or  even  in  clay,  is  glacier-ice.  The  con- 
ditions necessary  for  this  operation  are  probably  never  fully  complied 
with,  except  under  a  great  sheet  of  ice  covering  the  land,  like  that  of 
Greenland,  where  the  grinding  power  of  the  ice  is  not  interfered  with 
by  the  general  subaerial  waste.  In  the  case  of  a  glacier  valley,  the 
bottom^  as  the  ice  retires,  is  filled  up  with  moraine  rubbish,  and  the 
actual  rock  is  not  seen,  except  in  the  prominent  roches  motUormies,  But 
in  the  case  of  a  continental  ice-sheet  there  is  little  or  no  superficial 
moraine  detritus ;  and  when  the  ice  creeps  back  and  allows  the  ice-worn 
rock-surfaces  to  be  seen,  the  only  detritus  which  can  cover  up  the  scooped- 
out  rock-basins  is  that  which  has  been  pushed  along  under  the  ice,  that 
is,  the  grundmordne  or  moraine  profimde  of  Swiss  geologists.  This  deposit, 
as  it  is  wide-spread  and  often  very  deep,  must  doubtless  conceal  much 
of  the  surface  on  which  the  ice  worked  ;  but,  on  the  rising-grounds, 
where  it  did  not  accumulate,  and  among  the  mountains,  where  the  ice 
lingered  longest,  we  may  expect  to  find  the  rock-basins  preserved.  And 
it  is,  in  fact,  in  such  places  that  we  do  find  them.  The  question  of  the 
origin  of  lake-basins  will  be  discussed  in  Chapter  XXYL  treating  of 
Physiography. 


CHAPTER  XXrV. 

THE   8EA. 

Viewed  as  a  great  geological'  agent,  the  sea  presents  itself  to  us  under 
four  aspects  : — 1st,  As  a  vast  body  of  water  in  wMcli  the  more  soluble 
substances  of  the  globe  are  held  in  chemical  solution  ;  2d,  As  an  im- 
portant agent  in  modifying  the  distribution  of  climate  ;  3d,  As  one  of 
the  great  powers  employed  in  effecting  the  waste  of  the  land  ;  and,  4th, 
As  the  receptacle  into  which  the  debris  of  the  land  must  ultimately 
come,  and  where  the  materials  for  new  continents  are  accumulated. 

1.  Chemical  CompoBltion  of  the  Secu 

The  specific  gravity  of  the  sea  is  greater  than  that  of  fresh  water, 
but  varies  in  different  parts  of  the  globe,  and  even  in  adjacent  parts  of 
the  same  ocean.  It  is  least  near  the  mouths  of  rivers,  and  in  polar 
regions,  where  it  is  mixed  with  the  fresh  water  from  melted  ice.  It  is 
greater  in  low  than  in  high  latitudes.  According  to  the  determinations 
given  by  Von  Bibra,  the  mean  specific  gravity  of  specimens  of  water 
from  the  Atlantic,  Pacific,  and  German  Oceans,  was  found  to  range  from 
1-0244  to  1-0287  * 

Sea-water  contains  air  and  carbonic  acid,  as  well  as  other  gaseous 
substances.  Observations  off  the  coast  of  Algiers  showed  that  the  water, 
at  the  depth  of  65  metres,  contained  from  -01  to  '02  of  its  volume  of 
air,  while  in  the  region  of  St  Malo  the  proportion  varied  from  l-20di 
to  l-30th  of  the  volimie  of  the  water .t  The  waters  of  the  druopean 
seas,  according  to  Vogel  and  Bischof,  contain  from  -7  to  2-3  parts  by 
weight  of  carbonic  acid  gas  in  the  10,000  of  water ;  but  in  the  Sou^ 
Sea  and  Indian  Ocean,  only  from  -045  to  -35  parts  by  weight  in  tie 
1 0,000. t  It  was  apparently  established,  however,  by  experiments  in 
the  latter  oceans,  that  the  quantity  of  air,  and  especially  of  carbonk 
acid  gas,  increased  with  the  depth  from  which  the  water  was  takes. 
Sulphuretted  hydrogen  and  hydro-sulphuret  of  ammonia  are  present  in 
sea-water,  owing  to  the  decomposition  of  its  sulphates  by  organk 
matter. 

The  average  proportion  of  saline  constituents  in  sea-water  is  aboat 

•  BiBchof,  i.  97.  t  Op.  eU.  116.  %  Op.  eit,  1 118.  and  115, 
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three  and  a  half  parts  in  every  hundred  parts  of  water.     They  consist 
of  the  following  salts  : — * 


Chloride  of  Sodium  (common  salt) 
Chloride  of  Magnesium 
Chloride  of  Potassium 
Bromide  of  Sodium 
Sulphate  of  Lime  (gypsum) 
Sulphate  of  Magnesia  (Epsom  salts) 


Percentage. 
75-786. 
9-159 
8-657 
1-184 
4-617 
5-597 


100-000 


Total  percentage  of  salts  in  sea-water    .  3*527 

When  sea-water  is  evaporated,  the  point  of  saturation  for  sulphate  of  lime  is 
much  sooner  reached  than  that  for  rock-salt ;  37  per  cent  of  the  water  being  re- 
quired to  be  removed  in  the  one  case,  and  93  per  cent  in  the  other,  i*  Gypsum, 
tiierefore,  must  always  be  deposited  before  rock-«alt,  and  it  is  possible  for  the 
point  of  saturation  to  be  reached  for  gypsum  in  many  cases  without  that  for  rock- 
salt  being  attained.  This  may  be  the  reason  that,  although  the  sea  contains 
sixteen  times  as  much  salt  as  it  does  gypsum,  the  latter  more  frequently  occurs  as 
a  mineral  deposit  than  the  former,  though  not  often  in  such  great  masses.  It  has 
been  suggested  that,  in  consequence  of  the  greater  specific  gravity  of  sea-water 
increasing  with  the  quantity  of  salt  it  contains,  and  the  evaporation  at  the  surface 
causing  a  perpetual  increase  in  the  salt  of  the  surface  water,  a  part  of  the 
water  which  holds  a  larger  quantity  of  salt  in  solution  than  the  rest  may  sink  to 
the  bottom  of  the  sea,  and  that  this  process  may  be  continued  imtil  the  lower 
strata  be  saturated  with  salt,  and  precipitation  take  place.  The  circulating 
currents  of  the  ocean,  however,  keep  up  such  a  constant  mixture  of  its  waters  as 
would  seem  altogether  to  prevent  this  action ;  and  even  in  deep  hollows  and 
basins,  such  as  the  Mediterranean,  separated  by  a  shallower  bar  (1820  feet  at  the 
deepest)  from  the  bed  of  the  ocean,  the  traction  of  the  currents  passing  over  this 
is  sufficient,  according  to  Maury,  to  prevent  any  accumulation  of  denser  and  Salter 
water  at  the  bottom. 

In  isolated  seas,  such  as  the  Dead  Sea,  where  the  water  is  entirely  saturated 
with  salt)  evaporation  may,  doubtless,  cause  a  precipitation  on  its  bed  or  along 
shallow  shores.  Here,  and  in  shallow  lagoons,  such  as  the  limans  of  Bessarabia, 
south  of  Odessa,  that  dry  up  in  summer,  we  have  the  formation  of  rock-salt  going 
on  before  our  eyes. 

There  can  be  little  doubt  that  inland  seas  and  salt  lakes  are  not  necessarily 
portiona  of  the  great  ocean  left  in  hollows  on  the  elevation  of  the  land.  In  most, 
if  not  in  all  cases,  their  saltness  is  to  be  attributed  to  the  fact  that,  as  they  have 
no  outlet  to  the  sea,  their  waters  are  constantly,  as  it  were,  boiled  down  by 
evaporation  and  become  saline,  the  salts  being  derived  by  the  various  inflowing 
rivers  irom  the  dissolution  of  the  rocks. 

Notwithstanding  the  vast  quantity  of  carbonate  of  lime  carried  down  into 
the  sea,  observation  shows  that  the  quantity  to  be  found  in  sea-water  is  commonly 
very  smalL  In  most  analyses  of  sea-water  it  is  not  mentioned  at  all.  Sea-water 
from  Carlisle  Bay,  Barbadoes,  indeed,  was  said  to  contain  10  parts  in  100,000,  and 
sea-water  from  between  England  and  Belgium,  5*7  parts  in  100,000,  but  in  the 
open  sea,  at  a  distance  from  any  land,  it  is  said  to  be  rarely  if  ever  discoverable  by 
analysis.  The  smallness  of  the  quantity  to  be  found  in  sea-water,  compared  with 
that  in  almost  all  rivers,  is  doubtless,  in  great  measure,  owing  to  the  quantity  of 

*  Bischof,  L  379.  t  Bischof,  loe.  eU. 
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carbonate  of  lime  constantly  abstracted  ^m  sea-water  by  marine  animals,  in  order 
to  form  their  shells  and  other  hard  parts.  When  we  consider  the  number  and 
yariety  of  fish  and  mollnsca,  cmstacea,  echinodermata,  and  polyps,  that  inhabit 
the  sea,  and  especially  when  we  look  at  the  enormous  bulk  of  the  coral-reefs  that 
are  found  within  the  tropics,  we  shall  form  some  notion  of  the  vast  amount  of 
carbonate  of  lime  annually  abstracted  fh>m  the  ocean.  That  it  is  abstifcted  more 
in  one  part  than  another,  and  yet  the  ocean  maintains  a  nearly  equal  average,  will 
not  be  surprising  when  we  reflect  on  the  extent  of  the  great  currents  that  tniTerse 
the  sea,  and  look  upon  the  entire  ocean  as  one  vast,  slowly  circulating  system  of 
moving  water. 

The  quantity  of  free  carbonic  acid  gas  contained  in  the  sea,  is  said,  by  Bischof^ 
to  be  five  times  as  much  as  is  necessary  to  keep  in  a  fluid  state  the  quantity  of 
carbonate  of  lime  to  be  found  in  the  sea.  He  argues,  therefore,  that  it  is  impossible 
for  any  carbonate  of  lime  to  be  precipitated  in  a  solid  form  at  the  bottom  of  the 
sea  by  chemical  action  alone.  No  evaporation  of  water  and  gas  can  occur  to  a 
sufficient  extent  in  the  sea  for  precipitation  to  take  place,  as  it  does  from  the 
waters  of  calcareous  springs.  We  are  almost  compelled,  therefore,  to  conclude 
with  Hutton,  that  all  our  marine  limestones  have  been  formed  by  the  inter- 
vention of  the  powers  of  organic  life,  separating  the  little  particles  of  carbonate 
of  lime  from  the  water,  and  solidifying  them  as  parts  of  their  own  bodies. 

Of  the  salts  dissolved  in  sea-water,  8  to  15  per  cent  consist  of  chloride  of 
magnesium,  and  6  to  16  per  cent  of  sulphate  of  magnesia.  From  the  quantity  of 
free  carbonic  acid  in  the  sea,  it  is  plain  that  these  salts  might  be  converted  into  car- 
bonate of  magnesia,  but  that  if  so,  it  would  be  kept  in  solution  as  a  bi-carbonate 
(or  sesqui-carbonate),  as  in  the  case  of  carbonate  of  lime.  All  that  has  been  said, 
therefore,  as  to  the  necessity  for  calling  in  the  aid  of  oiiganic  life  to  solidify  car- 
bonate of  lime  from  the  waters  of  the  sea,  '*  holds  good  in  regard  to  carbonate  of 
magnesia,  and  the  more  so,  since  this  salt  always  separates  later  than  carbonate  of 
lime,  even  from  fluids  which  have  undergone  a  very  high  degree  of  evaporation."* 

There  is,  however,  this  difficulty  in  this  view : — ^The  carbonate  of  lime  is 
largely  separated  from  the  sea-water  by  being  made  to  enter  into  the  composition 
of  the  hanl  parts  of  marine  animals  in  overwhelming  proportion,  whereas  the  per- 
centage of  carbonate  of  magnesia  to  be  found  in  the  hard  parts  of  corals  and 
mollusca  does  not  usually  exceed  1  or  2  per  cent.  Neither  do  we  know  any  class 
of  animals  that  secrete  any  much  greater  quantity  of  magnesia,  as  some  of  the  in- 
fusorial animals  secrete  siUca.  Yet  in  many  widely-spread  magnesian  limestones 
the  quantity  of  magnesia  is  almost  equal  to  that  of  lime,  and  the  proportion  is 
frequently  as  much  as  20  to  80  per  cent.  Forchhammer,  however,  found  2*1  x>er 
cent  in  Corallivm  nobile,  6  *86  per  cent  in  Isia  hippwris,  and  7*64  per  cent  in  8ome 
species  of  Serpul^  while  16  to  19  per  cent  have  been  found  in  some  species  of 
MiUepore.f  Magnesian  limestones  are,  however,  generally  poor  in  organic  re- 
mains, though  tMs  may  be  the  result  of  their  more  perfect  crystallisation  and 
mineralisation,  by  which  the  organic  structure  has  been  obliterated,  rather  than  of 
the  absence  of  organic  beings  from  the  original  deposit.  Mr.  Sterry  Hunt  has  de- 
monstrated the  possibility  of  the  chemical  deposition  of  dolomite  in  isolated  lakes 
or  seas,  where  great  evaporation  is  taking  place,  but  it  is  difficult  to  imagine  many 
of  our  dolomites  to  have  been  formed  in  such  situations. 

*  Biflchof,  vol.  i.  pp.  99  to  105, 117.  The  quantity  of  carbonate  of  magnesia  (aurried  down  \ij 
tiie  Rhine  into  the  sea  in  the  coarse  of  twenty-four  hours,  is  4,021,956  lbs.,  sufficient  to  yield 
10,087,202  lbs.  of  dolomite,  consisting  of  equal  equivalente  of  the  carbonates  of  lime  and 
magnesia.  This  quantity  would  be  equal  to  a  square  mass  1  foot  high,  and  839  feet  in  the 
side  every  day,  or  4560  feet  in  the  side  in  the  course  of  a  year.— (Bischof,  iii.  178.) 

t  Mr.  Sterry  Hunt  (GeoL  Reports  of  Canada  for  1857,  p.  208),  who  cites  a  dolomite  of  recent 
formation  at  Tahiti,  believed  by  Dana  to  be  formed  by  the  solidification  of  ooial  mud  (p.  196). 
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Of  the  other  mmeral  constituents  of  sea-water  the  most  important  is  silica.  It 
was  found  by  Forchhammer  in  all  the  specimens  of  sea-water  analysed  by  him,  the 
greatest  proportion  being  '03  in  10,000  parts  of  water.  Silver  and  arsenic  have 
been  detected  in  sea-water ;  iodine  occurs  in  marine  plants,  and  is  probably 
derived  from  the  water ;  and  the  phosphates  found  in  marine  animals  have 
probably  ^similar  origin. 

The  chemical  changes  effected  by  the  water  of  the  sea  upon  submarine  and 
shore  rocks  have  not  yet  been  properly  studied.* 

2.  Influence  of  the  Ocean  on  Climate. 

The  discussion  of  this  part  of  the  subject  belongs  more  properly  to 
physical  geography.  It  may  be  enough  here  to  point  out  that  the  currents 
of  the  globe  tend  to  diffuse  temperature  :  those  from  a  colder  region  cool 
the  regions  into  which  they  pass ;  while,  on  the  other  hand,  those  from 
a  warmer  latitude  carry  its  warmth  into  colder  areas.  Thus  the  Arctic 
current  flowing  down  along  the  north-east  coast  of  America  reduces  the 
mean  annual  temperature ;  while  the  Gulf-stream,  which  reaches  the 
shores  of  the  north-west  of  Europe,  raises  the  temperature.  Hence 
Dublin  and  the  south-eastern  headlands  of  Labrador,  which  are  in  the 
same  parallel  of  latitude,  differ  as  much  as  18°  in  their  mean  annual 
temperature,  that  of  Dublin  being  50°,  and  that  of  Labrador  32°  Fahr.t 

8.  Erosion  of  the  Iiand  by  the  Sea. 

Breaker-Action. — The  waters  of  the  sea  are  kept  in  constant  move- 
ment by  currents  and  tides.  "Wherever  this  moving  water  can  push 
forward  mud,  sand,  gravel,  or  boulders,  it  effects  a  mechanical  erosion 
of  the  rock  on  which  these  detrital  materials  are  moved.  This  action 
must  be  very  feeble  at  great  depths.  It  is  at  its  maximum  where  the 
surface  waters  of  the  sea  infringe  upon  the  land. 

The  force  of  the  breakers  of  the  Atlantic  on  the  west  coast  of  Scot- 
land .was  found  to  be  on  the  average  equal  to  a  pressure  of  611  lbs.  on 
the  square  foot  in  sunmier,  and  2086  lbs.  in  winter.  The  force  of 
breakers  during  storms  was  ascertained,  for  the  Atlantic  at  Skerryvore, 
and  for  the  North  Sea  at  the  Bell  Rock,  to  be  sometimes  equivalent  to 
a  jiressure  of  nearly  three  tons  per  square  foot.J  The  immense  force 
of  the  blow  given  by  one  of  these  breakers  must  often  remove  frag- 
ments of  'rock,  Especially  when  these  have  been  already  loosened  by 
weathering. 

But  it  is  when  the  waves  beat  on  a  rocky  shore,  where  they  can 
lift  up  and  hurl  forward  gravel  and  blocks  of  stone,  that  they  attain 
their  highest  power  as  destructive  agents.  The  rocks  against  which 
they  dash  the  detritus  of  the  beach  are  battered  down  as  by  a  kind  of 

•  See,  however,  the  7th  chapter  of  the  Ist  volume  of  Bischofs  work, 
t  The  student  may  consult  with  profit  some  recent  papers  by  Mr.  CroU  on  the  "  Gulf- 
stream  "  and  "  Ocean  Currents,"  in  the  Geol  Mag.  and  PhU.  Mag.  for  18^  and  1870. 
X  Stevenson,  Trant.  Roy.  Soc.  Edin.  xvL  25,  28. 
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artiUery.*  Such  parts  of  the  cliffis  as  are  softer  or  more  jointed  than 
others,  are  hollowed  out  into  bays,  creeks,  and  caves,  while  the  more 
resisting  parts  stand  out  as  headlands.t 

The  power  of  waves  to  move  large  blocks  of  stone  is  sometimes 
remarkably  displayed  during  storms.  Masses  of  rock,  maii^  tons  in 
weight,  are  rolled  about  like  pebbles,  and  even  swept  away  for  a  con- 
siderable distance. 

At  high-water,  and  during  gales  of  wind,  with  heavy  breakers  rolling 
in  upon  the  coast,  vast  volumes  of  water  are  poured  suddenly  into  the 
narrow  sea- worn  caverns,  and  rolling  on,  compress  the  air  at  their  farther 
end  into'  every  joint  and  pore  of  the  rock  above,  and  then  suddenly 
receding,  suck  both  air  and  wat^r  back  again,  with  such  force  as  now 
and  then  to  loosen  some  part  of  the  roof.  Working  in  this  way,  the 
sea  sometimes  gradually  forms  a  passage  for  itself  to  the  surface  above, 
and  if  that  be  not  too  lofty,  forms  a  "  blow-hole  "  or  "  puflSng-hole," 
through  which  spouts  of  foam  and  spray  are  occasionally  ejected  high 
into  the  air.  At  the  promontory  of  Loop  Head,  Mr.  Marcus  Keane  has 
observed  that  considerable  blocks  of  rock  have  been  blown  into  the  air 
on  the  formation  of  one  of  these  puffing-holes,  and  that  laige  holes, 
opening  down  into  cavernous  gullies,  lead  from  one  cove  to  another, 
behind  bold  headlands  of  over  a  hundred  feet  in  height,  showing  how 
the  land  is  undermined  by  the  sea,  and  headlands  gradually  made  into 
islands.  One  such  square  precipitous  island,  which  is  now  at  least 
twenty  yards  from  the  mainland,  was  said  by  the  farmer  who  held  the 
ground  to  have  been  accessible  by  a  twelve-foot  plank  when  he  was  a 
boy.  Mr.  W.  L.  Wilson,  late  of  the  Geological  Survey  of  Ireland, 
foimd  in  the  far  part  of  the  promontory  between  Bantry  and  Dun- 
manus  Bays,  dark  holes  in  the  fields  some  distance  back  from  the  edge 
of  the  cliffs,  looking  down  into  which  the  sea  might  be  dimly  seen 
washing  backwards  and  forwards  in  the  narrow  cavern  below.  In 
County  Kerry,  Ballybunion  Head  is  completely  undermined  by  caverns, 
into  which  the  sea  enters  from  both  sides.     The  whole  coast  of  Clare, 

♦  Flayfair'8  Illustrationi,  §  97. 

t  The  nature  and  extent  of  the  erosiTe  action  of  the  breakers  may  be  partly  gathered 
fh>m  a  singular  anecdote  given  by  Mr.  W.  J.  Henwood  in  the  5th  voL  of  the  Trtma.  Bef, 
GeoL  Soe.  Com.  p.  11.  "  I  was  once/'  he  says,  "  underground  in  Wheal  Cock,  nesr  8t 
Just,  during  a  storm.  At  the  cliff  the  level  was  20  fathoms  below  high-water,  but  the  ore 
was  worked  to  within  9  feet  of  tiie  sea  at  the  time  of  my  visit  (1831).  At  the  extremity  of 
the  level,  seaward,  some  80  or  90  fathoms  from  the  shore,  little  could  be  heard  of  the  eObcit 
of  the  storm,  except  at  intervals,  when  the  reflux  of  some  unusually  large  wave  pr(t)«cted 
a  pebble  outward,  bounding  and  A)lllng  over  the  rocky  bottom.  But  when  standing 
beneath  the  base  of  the  cliff,  and  in  that  part  of  the  mine  where  but  9  feet  of  rock  ^UtcA 
between  as  and  the  ocean,  the  heavy  roll  of  the  large  boulders,  the  ceaseless  grinding  of  tbe 
pebbles,  the  fierce  thundering  of  the  billows,  with  the  crackling  and  boiling,  as  Xktej  re- 
bounded, placed  a  tempest  in  its  most  appalling  form  tooMvidly  before  me  evor  to  be 
forgotten.** 
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and  of  the  Aran  Islands,  is  a  succession  of  precipitous  cliffs  with  vertical 
faces,  the  result  of  the  sea  acting  on  the  large  cuboidal  joints  that 
traverse  the  rocks.  The  celebrated  cliffs  of  Moherin  that  county,  which 
rise  with  a  perfectly  vertical  face  to  heights  of  more  than  600  feet, 
afford  magnificent  examples  of  the  way  in  which  the  ocean  takes  ad- 
vantage of  the  joint  structure  to  cut  back  into  the  land,  however  lofty 
or  however  haid  and  unyielding  it  may  apparently  be.* 

The  coast-line  of  Great  Britain  affords  many  illustrations  of  this 
geological  process.  Within  the  last  few  centuries  whole  parishes  and 
villages  have  been  washed  away,  and  ships  now  sail  over  districts 
which  in  old  times  were  cultivated  fields  and  cheerful  hamlets.  The 
rate  of  loss  is  particularly  high  along  the  coast  of  Yorkshire,  between 
Flamborough  Head  and  the  mouth  of  the  Humber,  also  between  the^"" 
Wash  and  the  mouth  of  the  Thames.  The  cliffs  there  consist  of  soft 
day,  and  in  some  places  are  said  to  be  carried  away  at  the  rate  of  three 
feet  per  annum,  t 

As  the  ceaseless  gnawing  of  the  land  goes  on,  the  sea  gradually 
advances.  The  detritus  thus  formed,  while  it  wears  away  the  cliffs,  is 
itself  in  turn  worn  away,  and  swept  by  currents  into  deeper  water,  or 
into  sheltered  parts  of  the  coast  But  fresh  detritus  is  always  pro- 
duced as  the  waste  of  the  land  goes  on,  and  becomes  the  means  of 
renewed  destruction. 

Sometimes  the  breakers,  after  exerting  a  certain  amoimt  of  destruc- 
tive action,  seem  to  raise  a  rampart  against  themselves  out  of  the  very 
ruins  which  they  have  caused  by  the  fall  of  the  blocks  and  masses  they 
have  undermined  ;  but  the  materials  thus  accumulated  are  themselves 
then  attacked,  and  ultimately  removed,  and  the  coast  laid  bare  for  new 
undermining  action.  Great  accumulations  of  pebble  beaches  are  com- 
mon along  many  coasts,  and  seem  to  remain  stationary,  since  there  are 
always  piles  of  pebbles  to  be  found  in  the  same  places.  If,  however, 
these  are  watched,  the  accumulations  will  often  be  found  to  consist  of 
different  pebbles  from  day  to  day,  each  pebble  being  in  its  turn  washed 
from  its  place,  which  is  occupied  by  another  like  it  The  great  Chesil 
Bcmk,  connecting  the  island  of  Portland  with  the  mainland,  and  sixteen 
miles  in  length,  is  a  remarkable  example,  the  pebbles  in  any  particular 
part  of  it  being  always  much  of  the  same  size,  but  each  one  travelling 
gradually  onwards,  and  getting  smaller  and  smaller  as  it  proceeds. !( 

*  See  the  late  Mr.  Foot's  accoxmt  of  this  coast  in  Bzplanation  of  Sheets  141  and  142  of 
the  Geological  Sarvey  of  Ireland. 

t  For  instances  of  the  destmctiTe  and  transporting  action  of  the  sea  during  historic 
times,  see  Von  Hoff,  Ver&nderuTigmi  der  Erdoher/ldohe,  Theil  i.  p.  47  et  $eq* ;  Lyell's  Frincvplu, 
chape,  zx.,  xzL,  and  zxif. ;  Stevenson,  Mef^.  Wtmerian  Soe.  toL  iL ;  De  la  Beche's  Geological 
Ohtertoer,  p.  68,  and  Report  on  Dtvon  and  Cornwall ;  Oeikie's  Seentry  and  Gwlogy  qf  Scotland, 
chap,  iii 

X  See  Bristow  and  Whitaker,  GtoL  Mag.  tL  433. 
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Action  of  loe  on  the  Sea. — In  high  latitudes  the  sea  is  coTered  with 
ice,  derived  from  two  sources — Ist,  from  the  seaward  end  of  glaciers ; 
2d,  from  the  freezing  of  the  sea  itself.  The  former  source  furnishes  ice- 
hergs,  the  latter  gives  rise  to  jtoe-ice  and  the  ice-fooL 

1.  When  a  glacier  descends  to  the  level  of  the  sea  and  continues  to 
move  forward,  it  may  advance  for  a  considerable  distance  from  the 
shore  until  the  oscillating  motion  of  the  tides  or  the  effects  of  currents 
and  storms  break  off  large  masses  or  icebergs.     These  float  away,  and, 
imless  caught  by  the  next  winter,  and  frozen  into  the  cake  of  ice  which 
forms  upon  the  sea,  may  be  carried  for  hundreds  of  miles  into  tem- 
perate latitudes  before  they  finally  melt  away.     As  a  geological  agent 
an  iceberg  has  two  chief  functions — (1.)  To  carry  away  from  the  land 
and  drop  into  mid-ocean  all  the  earth  and  rock-rubbish  which  may 
have  fallen  upon,  or  become  imbedded  in,  the  ice  when  it  formed  part 
of  the  land-glaciers.     The  debris  of  the  vaUeys  of  Gn^and  may  in 
this  way  be  scattered  far  southward  over  the  bed  of  the  Atlantic.     (2.) 
To  tear  up  the  softer  deposits  of  the  sea-bed,  and  to  rub  down,  and 
groove  the  harder  rocks,  by  means  either  of  stones  fixed  in  the  ice  or  of 
those  which  may  be  lying  on  the  sea-bottom.     About  eight  times  more 
ice  of  an  iceberg  is  below  water  than  above,  so  that  a  mass  which  rises 
300  feet  above  the  waves  has  its  bottom  2400  below  them.     We 
cannot  doubt  that  the  motion  of  one  of  these  enormous  bergs  upon  or 
against  a  submarine  rock-surface  must  grind  it  and  groove  it,  and  that, 
during  a  long  course  of  years,  any  prominent  bank  or  bottom  on  which 
the  bergs  strand,  must  be  greatly  abraded. 

2.  The  freezing  of  the  Arctic  Sea  gives  rise  to  a  cake  of  ice  along 
the  shores.  This  rises  with  the  tide,  and  freezes  to  the  land  again  at  a 
higher  level  By  degrees  a  shelf  of  ice  120  or  130  feet  broad,  and  20 
or  30  feet  high,  called  the  ice-foot,  clings  to  the  coast,  and  remains 
there  during  winter.  When  spring  comes,  millions  of  tons  of  rock- 
rubbish,  disintegrated  and  loosened  by  the  winter  frosts,  fall  upon  the 
surface  of  the  ice-foot.  Then  come  the  storms  by  which  the  ice-foot  ia 
broken  up,  and  great  cakes  of  it,  dark  with  their  freight  of  detritiK, 
float  away  out  to  the  open  sea,  where  in  the  end  they  melt,  and  strew 
their  earth  and  stones  over  the  bottom.  By  this  means  enormoos 
quantities  of  the  debris,  so  largely  produced  by  the  Greenland  frosts, 
are  carried  away  from  the  land,  and  the  bed  of  the  seas  in  those 
regions  must  consequently  in  many  places  be  covered  with  a  thick 
deposit  of  angular  rock-rubbish.* 

General  result  of  Bea-aotion. — The  general  result  of  the  erosive 
action  of  the  sea  is  to  cut  into  the  land,  and  to  plane  it  down  to  an 
approximately  level  surface  beneath  the  waves.     Marine  denudation, 

♦  8c6  Kane's  Arctio  Bxpl(f$Uioru,  Tol.  it,  p.  226  ;  Sutherland,  QuaH.  Journ.  Geol.  Soc, 
vol.  ix.  p.  306. 
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therefore,  gives  rise  to  a  plane.  The  suhaerial  denudation,  or  the 
operations  of  the  various  agents  which  are  at  work  on  the  land,  pro- 
duce inequalities.  The  one  forms  the  surface  of  a  future  table-land, 
the  other  scoops  out  valleys  and  ravines. 

It  ought  to  be  borne  in  mind,  however,  that  the  action  of  the  sea  is 
greatly  aided  by  the  co-operation  of  subaerial  waste.  If  there  were  no 
froets,  springs,  and  rain,  loosening  the  framework  of  a  cliff  and  detaching 
its  fragments  to  the  bottom,  the  sea  would  make  comparatively  slow 
progress.  If  the  cutting  back  of  a  cliff  were  mainly  the  work  of  the 
sea,  we  ought  to  find  the  cliff  overhanging,  because  the  sea  acts  only  at 
its  base.  But  the  fact  that  in  the  vast  majority  of  cases,  sea-cliffs, 
instead  of  overhanging,  slope  backward,  at  a  greater  or  less  angle  from 
the  sea,  shows  that  the  waste  from  subaerial  action  is  really  greater  than 
that  from  the  action  of  the  breakers.  What  the  sea  chiefly  does  is  to 
break  down  and  wash  away  the  rubbish  which  falls  from,  the  cliffs,  and 
thus  to  leave  an  ever  fresh  surface  for  renewed  denudation.  * 

4.  The  Sea  as  the  reoeptade  for  the  debris  of  the  Iiand. 

We  have  now  seen  that  the  surface  of  the  land  is  undergoing  con- 
tinual waste,  and  that,  although  its  detritus  may  be  temporarily  lodged 
upon  lake-bottoms  or  alluvial  plains,  it  is  nevertheless  in  the  end 
destined  to  find  its  way  into  the  sea.  The  sea,  therefore,  receives  not 
merely  the  detritus  which  its  own  tides,  waves,  and  currents  may  make, 
but  that  also  which  is  carried  off  by  rivers,  ice-floes,  and  icebergs,  as 
well  as  all  the  mineral  substances  which  rivers  hold  in  solution.  All 
this  detritus  is  spread  out  over  the  sea-floor  by  means  of  currents.  When 
the  sediment  is  fine,  and  the  current  into  which  it  comes  is  strong,  it 
Diay  be  carried  hundreds  of  miles.  Even  pebbles  and  gravel  may  be 
moved  by  currents  to  vast  distances  from  land. 

The  current  that  sweeps  round  the  extremity  of  Africa,  from  the  Indian  Ocean 
to  the  Atlantic,  is  at  once  distingnishable,  by  its  ^rty  olive-green  colour,  from  the 
deep  bine  of  the  pure  ocean  water,  even  in  a  depth  of  100  fathoms,  and  out  of 
sight  of  land.  Small  pebbles  have  been  brought  up  from  that  depth  by  the  lead, 
and  the  change  of  colour  in  the  water  can  hardly  be  due  to  any  other  source  than 
the  presence  of  minutely  divided  mineral  matter  held  in  suspension  by  the  water.t 

The  sea  on  the  west  coasts  of  Ireland  and  Scotland,  where  the  current  sets 
upon  the  land  from  the  Gulf-stream,  is  the  deep  dear  ocean  blue,  even  in  the  bays 
mnd  harbours,  and  is  very  different  ^m  the  dirty  green  water  of  the  English 
Channel,  the  Irish  Sea,  or  the  German  Ocean,  which  has  become  loaded  with 
niatter  from  the  washing  of  our  coasts  and  rivers.  This  difference  may  be  seen 
on  the  small  scale  in  the  bays  of  the  western  coasts.  After  a  day's  storm  and 
rain  a  margin  of  green  discoloured  water  may  be  seen  extending  soitae  half-mile 
in  width  all  round  the  shores,  singularly  contrasted  with  the  bright  blue  water  of 
the  bay.  The  boundary  between  the  two  kinds  of  water  is  often  perfectly  well 
defined,  so  that  it  can  be  seen  from  a  boat  a  quarter  of  a  mile  ahead,  and  the 

*  See  the  remarks  on  this  subject  by  Mr.  Whitaker,  O^oL  Mag.^  vol  Iv. 

t  VotfOif  o/H.M.S,  Fly. 
2  B 
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moment  observed  in  which  the  boat  passes  from  one  kind  of  water  to  the  other. 
The  dirty  water  travels  slowly  with  ^e  receding  tide  toward  the  mouth  of  the 
inlets,  whence  it  either  sinks  to  the  bottom  or  is  swept  away  by  marine  currents. 
This  discoloration  of  the  water,  then,  is  due  to  the  washiiig  of  the  land  during 
heavy  rains,  proceeding  either  directly  from  the  cliffs  or  from  the  numerous  little 
brooks  and  rivers. 

The  materials  derived  from  the  land,  either  by  river  or  sea  action,  are  carried 
to  greater  or  less  distances,  according  to  their  fineness.  In  the  Irish  Sea,  according 
to  the  Admiralty  charts,  sand  alone  is  to  be  found  within  some  miles  of  the  shore, 
while,  in  the  central  and  deeper  parts,  the  bottom  is  formed  of  mud.  There  are 
two  central  mud-belts  in  the  northern  part,  one  on  each  side  of  the  Isle  of  Mao, 
the  one  running  towards  the  Solway,  and  the  other  continuing  into  the  Clyde 
mouth.  In  the  English  Channel  there  is  nothing  to  be  found  but  sand,  with  or 
without  gravel  or  stones  ;  but  opposite  to  the  entrance  of  the  Bristol  Channel,  and 
in  the  deeper  water  south  of  Ireland  and  west  of  the  Scilly  Islands,  there  are  large 
deposits  of  mud  surrounded  by  sand,  the  mud  continued  in  narrow  arms,  whidt 
stretch  out  into  the  Atlantic,  where  it  apparently  blends  with  ooze  that  may  pro- 
bably be  of  organic  origin.  In  the  Grerman  Ocean,  in  like  manner,  mud  is  found 
only  in  the  central  and  deeper  parts,  between  Denmark  and  the  Dogger  Bank  ; 
and  in  the  mouth  of  the  Baltic,  between  Denmark  and  Norway,  all  the  seas  within 
some  miles  of  the  shore  have  a  sandy  bottom. 

If  we  compare  the  "  bottom,"  as  indicated  in  the  charts  of  the  shores  of  the 
North  Atlantic,  with  that  of  its  centre,  as  shown  by  the  soundings  taken  for  the 
Atlantic  telegraph,  we  shall  find,  on  the  ocean-bottom,  one  widely-spread  uniform 
deposit  of  sticky  ooze  drying  into  a  kind  of  chalk,  with  little  or  no  change,  over 
spaces  more  than  1000  miles  across  ;  while  the  change  frx)m  this  to  the  sands  and 
muds  as  we  approach  the  coasts  is  sudden,  and  the  changes  in  the  nature  of  the 
shore  deposits  are  both  frequent  and  rapid.  *  Yet  all  these  deposits  are  taking 
place  contemporaneously,  and  would,  if  the  bed  of  the  Atlantic  were  elevated  into 
dry  land,  be  almost  necessarily  grouped  together  under  one  name. 

In  the  great  Pacific  Ocean  deposits  are  taking  place,  derived  from  the  coral 
reefs,  having  a  constant  character  over  an  ai'ea  quite  as  wide  as  any  of  the  forma- 
tions we  are  acquainted  with  on  dry  land.  This  great  formation  may  not  be 
absolutely  continuous,  even  over  all  that  part  of  the  ocean  in  which  the  coral 
reefs  oc«ur ;  but  beds  of  precisely  identical  mineral  character,  and  containing 
almost  exactly  the  same  organic  remains,  must  be  spread  over  large  areas  round 
several  central  points.  Some  of  these  areas  of  deposition  of  limestone  may  over- 
lap each  other,  while  others  will  be  separated  by  clear  spaces  of  sea-bottom,  where 
probably  no  deposition  is  taking  place,  or  by  other  sea-bottoms,  where  sediment 
is  deposited  of  altogether  a  differant  character  from  that  derived  f^m  the  coral 
reefs.  All  the  great  rivers  of  Eastern  Asia,  for  instance,  as  well  as  those  of  the 
north-west  coast  of  America,  carry  down  earthy  materials  into  the  Pacific,  of  a 
totally  different  character  from  the  coral-reef  detritus  ;  and  some  of  this  may  be 
very  widely  spread,  and  form  large  deposits  on  both  sides  of  the  Pacific.  If  fine 
sediment  derived  from  two  such  different  sources  overlap,  now  one  sort  and  now 
another  being  thrown  down,  with  an  occasional  admixture  of  both,  we  ahooM 
have  the  contemporaneous  formation  of  one  kind  of  rock  in  one  locality,  and  another 
in  another,  with  intermediate  areas  affording  alternations  of  the  two — circum- 
stances which  appear  to  have  been  of  not  unfrequent  occurrence  during  the  accumu- 
lation of  great  formations  composing  the  existing  lands  of  the  globe. 

In  the  China  Sea  and  the  northern  part  of  the  Indian  Ocean,  where  ooral 
islands  are  mingled  among  active  volcanoes,  both  aerial  and  submarine,  and  into 

*  See  ante.  Chapter  VI.    For  descriptions  of  the  organic  deposits  in  the  sea,  see  amit^ 
pp.  884-9. 
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which  open  the  mouths  of  vast  rivers,  draining  a  great  continent,  many  varieties 
of  rock  must  be  in  course  of  production.  AH  these  different  kinds  of  rock  would 
enclose  the  remains  of  many  animals  and  plants  of  the  same  species  throughout, 
or  of  species  so  nearly  allied  as  to  show  that  their  variations  depended  chiefly  on 
the  geographical  distribution  of  organic  beings  inhabiting  different  parts  of  the 
globe  at  the  same  time.  If  elevated  into  dry  land,  then,  they  would,  by  the  rule 
now  followed  by  geologists,  be  grouped  together  as  one  '*  formation,"  under  some 
one  common  designation. 

A  remarkable  case  of  sudden  change  in  the  character  of  deposits,  now  being 
formed  side  by  side,  occurs  on  the  north-east  coast  of  Australia,  which  is  fronted 
by  the  vast  limestone  formation  known  as  the  Great  Barrier  coral  reef,  extending 
more  than  1000  miles  in  length,  and  sometimes  90  in  breadth.  This  formation 
nms  across  Torres  Straits,  where  it  environs  some  volcanic  islands,  partly  composed 
of  lava,  partly  of  a  breccia  of  fragments  of  lava  and  limestone,  up  to  the  shores  of 
New  Guinea,  where  it  terminates  in  Warrior's  Beef.  To  the  N.  and  N.E.  of  that 
point,  however,  no  coral  is  to  be  seen  for  a  space  of  about  150  miles,  the  sea- 
bottom  being  everywhere  formed  of  black  mud  and  silt,  brooght  down  by  numer- 
ous rivers  that  are  surrounded  by  mangrove  swamps  for  many  miles  into  the 
interior.  This  muddy  bottom  extends  for  60  miles  from,  the  shore,  but  immedi- 
ately beyond  it  the  coral  reefs  set  in  again  on  the  shores  of  New  Guinea,  and 
extend  into  the  Louisiade  Archipelago. 

The  reefs  of  the  Great  Barrier  are  in  some  places  at  least  1800  feet  thick. 
What  may  be  the  thickness  of  the  mud  deposit  we  have  no  means  of  knowing,  but 
we  have  here  as  good  an  instance  as  could  be  desired  of  the  sudden  replacement  of 
a  great  limestone  formation  by  one  composed  wholly  of  silt,  and  the  setting  on  of 
the  limestone  formation  again  in  an  equally  sudden  manner.  There  must  also  be 
an  equally  good  illustration  of  the  sudden  intrusion  of  igneous  rocks,  and  the 
interstratification  of  materials  derived  from  them  among  the  calcareous  and  other 
deposits. 

The  sudden  interchanges  and  replacements  among  the  marine  deposits  formed 
near  the  coast  have  been  already  referred  to.  The  coarser  sediment,  such  as  shingle 
and  gravel,  is  laid  down  nearer  the  shore,  and  the  finer  silt  and  mud  in  the  deeper 
water.  The  coarser  the  detritus,  the  more  rapidly  does  it  die  out  and  come  in 
again,  as  is  shown  by  the  way  in  which  gravel-banks  are  formed  along  shore  ; 
while,  on  the  other  hand,  the  finer  the  silt  the  farther  is  it  carried,  and  tiie  wider 
the  area  of  the  deposit  which  it  forms.  * 

*  See  ante,  Chapter  VI. 


CHAPTER  XXV. 

DENUDATION* 

Denudation  consists  in  the  wearing  away  of  rock-masses,  and  the  con- 
sequent exposure  of  other  rocks  previously  covered.  It  is  one  of  the 
most  important  words  in  the  geological  vocabulary,  for,  inasmuch  as  all 
sedimentary  rocks  have  been  formed  out  of  the  detritus  of  other  rocks, 
denudation  is  seen  to  be  necessary  to,  and  co-extensive  with,  deposition. 
The  main  mass  of  what  we  call  the  earth's  crust  is  formed  of  sediment- 
ary rocks,  and  is  therefore  one  of  the  results  achieved  by  denudation. 
But  apart  from  the  production  of  sediment,  and  ultimately  of  sediment^ 
ary  rocks,  denudation  has  had  a  main  share  in  fashioning  the  external 
contour  of  dry  land,  from  the  earliest  geological  epochs  down  to  our 
own  day.  It  is  impossible  to  trace  the  origin  of  the  various  forms 
of  mountain  and  valley,  hill  and  dale,  without  encountering  at  every 
turn  proofs  of  the  enormous  influence  which  the  denuding  forces 
have  exercised  upon  the  earth.  A  vivid  realisation  of  the  nature  and 
results  of  denudation,  therefore,  is  of  the  most  essential  importance  to 
the  student  of  geology.  In  the  foregoing  chapters  we  have  passed  in 
review  the  mode  of  working  which  characterises  each  of  the  agents 
concerned  in  denudation.  It  will  now  be  of  advantage  to  take  a 
general  survey  of  the  process  as  a  whole,  without  particular  reference 
to  the  individual  agents  by  which  it  is  carried  on.  For  this  pxirpose 
we  may  consider  the  subject  under  two  aspects — 1st,  The  progress  of 
denudation  ;  and  2d,  The  results  of  denudation. 

1.  The  Progress  op  Denudation. 
A.  Subaerial  Denudation. 

a.  OonBidered  as  the  removal  of  so  muoh  Book  from  the  General 

Surface  of  a  Country. 

The  true  measure  of  the  denudation  of  a  country — that  is,  the 
extent  to  which  it  is  now  being  worn  away  by  the  various  complicated 
agencies  of  waste — ^is  to  be  sought  in  the  amount  of  mineral  matter 
removed  from  the  surface  of  the  land  and  carried  into  the  sea.     This 

•  Thia  chapter  U  taken  mainly  from  an  essay  contributed  by  the  Editor  to  the  9d 
volume  of  the  TramaUiofu  oftM  Geological  SocUt^  c/  OUugaw^  "On  Modem  DenudatioiL" 
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ifl^an  appreciable  and  measnrable  qnantity,  and  how  mnch  soever  we 
may  dispute  regarding  the  way  in  which  the  waste  is  to  be  apportioned 
to  the  different  forces  which  have  produced  it — ^rain,  frost,  springs, 
rivers,  glaciers,  and  the  rest — ^we  must  accept  the  total  amount  of  sea- 
borne detritus  as  a  fact  about  which,  when  properly  verified,  no  further 
question  can  possibly  arise.  In  this  manner  the  subject  is  at  once  dis- 
encumbered of  all  those  vexed  questions  regarding  the  relative  import- 
ance of  the  various  denuding  agents.  We  have  simply  to  deal  with 
the  sum-total  of  results  achieved  by  all  these  forces  acting  severally 
and  conjointly.  In  considering  the  subject  in  this  fashion,  we  find  a 
new  light  cast  on  the  origin  of  existing  land-surfaces,  and  obtain  some 
fresh  data  for  approximating  to  a  measure  of  past  geological  time. 

Of  the  mineral  substances  received  by  the  sea  from  the  land,  one 
portion,  and  by  fax  the  larger,  is  brought  down  by  streams  ;  the  other 
is  washed  off  by  the  waves  of  the  sea  itself.  It  is  the  former,  or 
stream-borne  part,  which  is  at  present  to  be  considered.  The  quantity 
of  mineral  matter  carried  every  year  into  the  ocean  by  the  rivers  of  a 
continent  represents  the  amount  by  which  the  general  surfeu^  of  that 
continent  is  annually  lowered.  If,  therefore,  we  can  measure  the 
quantity  of  mineral  matter,  we  may  easily  calculate  by  what  fraction 
of  a  foot  the  general  surface  of  the  land  is  annually  reduced.  Much 
has  been  written  of  the  vastness  of  the  yearly  tribute  of  silt  borne  to 
the  ocean  by  such  streams  as  the  Ganges  and  Mississippi ;  but  "  the 
mere  consideration  of  the  number  of  cubic  feet  of  detritus  annually 
removed  from  any  tract  of  land  by  its  rivers  does  not  produce  so  strik- 
ing an  impression  upon  the  mind  as  the  statement  of  how  much  the 
mean  surface-level  of  the  district  in  question  would  be  reduced  by  such 
a  removaL"''^  This  method  of  inquiry  is  so  obvious  and  instructive 
that  it  probably  received  attention  from  early  geologists,  though  data 
were  still  wanting  for  its  proper  application.  PlayfEur,  for  instance,  in 
speaking  of  the  transference  of  material  from  the  surface  of  the  land 
to  the  bottom  of  the  sea,  remarks  that  **  the  time  requisite  for  taking 
away  by  waste  and  erosion  two  feet  firom  the  surface  of  all  our  conti- 
nents and  depositing  it  at  the  bottom  of  the  sea,  cannot  be  reckoned 
less  than  200  years.'^t  This  estimate  does  not  appear  to  have  been 
based  on  any  actual  measurements,  and  must,  as  we  shall  see,  greatly 
exceed  the  truth ;  but  it  serves  to  indicate  how  broad  was  the  view 
which  Flayfair  held  of  the  theory  which  he  undertook  to  illustrate. 
The  first  geologist,  so  far  as  I  am  aware,  who  attempted  to  form  any 

*  Trior,  PMl.  Mag,  4th  Series,  t.  208  (1S50X 

t  lUuitraHom,  p.  424.  Manfred!  had  prerioiuly  made  a  calculation  of  the  amonnt  of 
rain  that  faHa  orer  the  globe,  and  of  the  quantity  of  earthy  matter  carried  into  the  tea  by 
rirexs.  He  eatimated  that  thla  earthy  matter  distributed  over  the  sea-bed  must  raise  the 
lerel  of  the  latter  flve  inches  in  348  years.  Von  Hofl;  VemntUrHng$n  d§r  Krdobffiaekt^ 
Then  L  282.    See  the  other  authorities  there  cited. 
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estimate  on  this  subject  from  actually  ascertained  data,  was  Mr.  Alfred 
Tylor,  who,  in  the  year  1850,  published  a  paper  in  which  he  estimated 
the  probable  amount  of  solid  matter  annually  brought  into  the  ocean 
by  rivers  and  other  *agents.  From  the  data  which  he  had  obtained, 
he  inferred  that  the  quantity  of  detritus  now  distributed  over  the  sea* 
bottom  every  year  would,  at  the  end  of  10,000  years,  cause  an  eleva- 
tion of  the  ocean-level  to  the  extent  of  at  least  three  inches.*  Mr. 
Croll  has  recently  drawn  attention  afresh  to  this  subject,  particularly 
instancing  the  Mississippi  as  a  measure  of  denudation,  and  thereby  of 
geological  time,  j* 

When  the  annual  discharge  of  mineral  matter,  carried  seaward  by 
a  river,  and  the  area  of  country  drained  by  that  river,  are  both  known, 
the  one  sum  divided  by  the  other  gives  the  amount  by  which  the 
drainage  area  has  its  mean  general  level  reduced  in  one  year.  For  it 
is  clear  that  if  a  river  carries  so  many  millions  of  cubic  feet  of  sedi- 
ment every  year  into  the  sea,  the  area  drained  by  it  must  have  lost 
that  quantity  of  solid  material ;  and  if  we  could  restore  the  sediment  so 
as  to  spread  it  over  the  basin,  the  layer  so  laid  down  would  represent 
the  fraction  of.  a  foot  by  which  the  surface  of  the  basin  has  been 
lowered  during  a  year.  Mr.  Tylor  has  well  shown  that  the  prooees 
by  which  such  startling  results  are  obtained  is  a  simple  arithmetical 
one.  In  order,  however,  to  obtain  them  with  complete  satisfaction,  we 
must  first  be  furnished  with  carefully  collected  and  verified  meaaure- 
ments,  both  of  the  amount  of  mineral  matter  carried  into  the  sea  by 
any  given  river,  and  of  the  area  of  drainage  from  which  that  minei^ 
matter  is  derived.  It  is  to  be  regretted  that,  as  yet,  these  measure- 
ments have  not  been  generally  made  with  the  requisite  accuracy.  The 
results  at  present  obtainable  from  them  are  therefore  necessarily  only 
approximative.  Nevertheless,  they  are  of  value  as  indicating  the 
character  of  the  conclusions  which  must  eventually  be  deduced  from 
more  perfect  data,  and  the  direction  in  which  research  ought  in  the 
meantime  to  be  carried. 

The  material  removed  from  the  land  by  streams  is,  as  we  have  seen, 
twofold ;  one  part  is  chemically  dissolved,  the  other  mechanically  su&> 
pended  in  the  water,  or  pushed  along  the  bottom  by  the  onward  motion 
of  the  stream.  The  chemically  dissolved  ingredients  are  derived  paidy 
from  springs,  partly  from  the  flow  of  rain  and  streams  over  decomposing 
rocks  at  the  surface.  The  reality  and  magnitude  of  this  source  of 
waste  are  apt  to  escape  notice  from  the  quiet  and  invisible  way  in 
which  the  process  is  carried  on.    The  published  analyses  of  river- 

*  PhiL  Mag.,  toe  eit. 

t  PhU.  Mag.  for  Febnutry  1867  and  May  186a  The  stadent  will  find  it  of  advantage  to 
oonsolt  these  memoira,  espeoiallj  the  latter,  the  oonclnalona  in  which  agree  with  those 
given  in  the  present  chapter.    See  Tran$.  Owl  Soo.  GkugifW,  vol.  iii  p.  168— note. 
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water,  however,  suffice  to  show  its  importance.  The  Thames,  for 
example,  carries  into  the  sea  every  year  about  450,000  tons  of  salts 
invisibly  suspended  in  its  waters.  Bischof s  calculation  regarding  the 
quantity  of  carbonate  of  lime,  carried  annually  into  the  sea  by  the 
Rhine,  has  already  been  given.* 

Properly  to  estimate  the  amount  of  loss  sustained  by  the  area 
which  any  given  river  drains,  we  ought  to  know  the  mean  annual 
discharge  of  river-water,  the  proportion  of  saline  matter  held  in  chemical 
solution  in  the  water,  the  average  ratio  of  mud  held  in  suspension,  and 
of  sand  and  coarser  sediment  pushed  along  the  channel  of  the  stream. 
It  does  not  appear  that  all  these  data  have  yet  been  collected  with  care 
from  any  river,  though  some  of  them  have  been  ascertained  with  great 
accuracy,  as  in  the  Mississippi  Survey  of  Messrs.  Humphreys  and  Abbot 
As  a  rule,  more  attention  has  been  shown  to  the  amount  of  mechanically 
suspended  matter  than  to  that  of  the  other  ingredients.  For  the  present, 
therefore,  we  must  confine  ourselves  to  this  part  of  the  earthy  substances 
removed  from  the  knd  by  running  water.  It  wiU  be  borne  in  mind 
that  the  following  estimates,  in  so  far  as  they  are  based  upon  only  one 
portion  of  the  waste  of  the  land,  are  under-statements  of  the  truth. 

The  proportion  of  mineral  substances  held  in  suspension  in  the 
water  of  rivers  has  been  variously  estimated,  but  the  older  calculations, 
based  on  mere  conjecture,  are  hardly  worth  serious  consideration. 
Manfredi,  for  example,  set  down  the  proportion  as  t+t  ;  Maillet,  ttVb  ; 
Hartsoeker,  t+jf  ;  Sir  George  Staunton,  in  the  case  of  the  Yellow  River, 
tJt,  and  another  writer  quoted  by  Von  Hoff,  aiUo.t  Some  uncertainty 
arises  with  regard  to  the  older  estimates,  whether  the  figures  refer  to  the 
proportion  of  sediment  by  weight  or  by  bulk.  It  ia  most  advantageous 
to  determine  the  amount  of  mineral  matter  by  weight,  and  then  from 
its  average  specific  gravity  to  estimate  its  bulk  as  an  ingredient  in  the 
river-water.  The  proportion  by  weight  is  probably,  on  an  average, 
about  half  that  by  bulk. 

According  to  experiments  made  upon  the  water  of  the  Rhone  at 
Lyons,  in  1844,  the  proportion  of  earthy  matter  held  in  suspension  was 
by  weight  xr^inr.  Ewlier  in  the  century  the  results  of  similar 
experiments  at  Aries  gave  ttjW  as  the  proportion  when  the  river  was 
low,  Thf  during  floods,  and  TiiHnr  in  the  mean  state  of  the  river.  The 
greatest  recorded  quantity  is  tV  by  weight,  which  was  found  "  when  the 
river  was  two-thirds  up,  with  a  mean  velocity  of  probably  about  8  feet 
per  second."]!  Lombardini  gives  thr  as  the  proportion  by  volume  of 
the  sediment  in  the  water  of  the  Po.  In  the  Vistula,  according  to  M. 
Spittell,  the  proportion  by  volume  reaches  a  maximum  of  -^.§     The 

♦  Ante,  p.  8»7.  t  Von  Hoff,  Op,  eU.  I  289. 

}  Hamphreys  and  Abbot    Report  npon  the  Fhyirica  and  Hydraolica  of  the  Mlaalaaippi, 
1861,  p.  147.  f  Ibid.  p.  148. 
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Rhine,  according  to  Hartsoeker,  contains  riir  by  volume  as  it  passes 
through  Holland ;  while  at  Bonn,  the  experiments  of  the  late  Mr. 
Leonard  Homer  gave  a  proportion  of  only  nirr  by  volume.* 
Stiefensand  found  that,  after  a  sudden  flooding,  the  water  of  the  Rhine 
at  Uerdingen  contained  rArf  by  weight  Bischof  measured  the 
quantity  of  sediment  in  the  same  river  at  Bonn  during  a  turbid  state  of 
the  water,  and  found  the  proportion  -rirs  by  weight ,-  while  at  another 
time,  after  several  weeks  of  continuous  dry  weather,  and  when  the  water 
had  become  dear  and  blue,  he  detected  only  Trhnr.t  In  the  Maes, 
according  to  the  experiments  of  Chandellon,  the  maximum  of  sediment 
in  suspension  in  the  month  of  December  1849  was  t^v,  the  minimum 
Tiiio,  and  the  mean  rvhrv,  %  In  the  Elbe,  at  Hamburg,  the 
proportion  of  mineral  matter  in  suspension  and  solution  has  been  found 
by  experiment  to  average  about  rtW.  The  Danube,  at  Vienna, 
yielded  to  Bischof  about  t^  of  suspended  and  dissolved  matter.§ 
The  Durance,  in  floods,  contains  A  of  suspended  mud,  and  its  annual 
average  proportion  is  less  than  ttjW.H  The  Garonne  is  estimated  to 
contain  perhaps  rir.ir 

The  observations  of  Mr.  Everest  upon  the  water  of  the  Ganges 
show  that,  during  the  four  months  of  flood  in  that  river,  the  proportion 
of  earthy  matter  is  irhr  by  weight,  or  vir  by  volume  ;  and  that  the 
mean  average  for  the  year  is  ^ir  by  weight,  or  n^  by  volume,  ** 

But  by  far  the  most  extensive  and  accurate  determinations  upon 
this  subject  yet  made,  are  probably  those  of  Messrs.  Humphreys  and 
Abbot,  who  were  employed  by  the  United  States  Government  to  report 
upon  the  physics  and  hydraulics  of  the  Mississippi  river.  The 
voluminous  memoir  which  these  observers  have  produced  may  be 
taken  as  a  model  of  patient  and  exhaustive  research.  As  the  mean,  of 
many  observations  carried  on  continuously  at  different  parts  of  the 
river  for  months  together,  they  found  that  the  average  proportion  of 
sediment  contained  in  the  water  of  the  Mississippi  is  iVrv  by  weight, 
or  Wtnr  by  volume,  ft  But  besides  the  matter  held  in  suspension, 
they  observed  that  a  large  amount  of  coarse  detritus  is  constantly  being 
pushed  along  the  bottom  of  the  river.  They  estimated  that  this 
moving  stratum  carries  every  year  into  the  Gulf  of  Mexico  about 
750,000,000  cubic  feet  of  sand,  earth,  and  gravel.  Their  observations 
led  them  to  conclude  that  the  annual  discharge  of  water  by  the 
Mississippi  is  19,500,000,000,000  cubic  feet,  and,  consequently,  that 
the  weight  of  mud  annually  carried  into  the  sea  by  this  river  must 

*  Edin,  New  PhU.  Jour.,  xviiL  p.  103.  t  See  his  Chemical  Geohn,  L  192. 

t  Awnatet  da  Tmoowdr  PvUios  (2e  BtlgiqiUt  tome  ix.  204.  %  Op.  eU.  130. 

i  Payen,  cited  by  B.  R6c1q8.    La  Tarrs,  tome  i.  p.  637. 

^  Baumgaiten,  dted  by  R60I118,  Op.  cit— JMd. 

**  Jour.  AriaHo  Society  of  CaiaUta,  March  188S. 

ft  Report,  p.  148.    The  specific  gravity  of  the  silt  of  the  Mississippi  is  given  as  l-«. 
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reach  the  sum  of  812,500,000,000  pounds.  Taking  the  total  annual 
contributions  of  earthy  matter,  whether  in  suspension  or  moving  along 
the  bottom,  they  found  them  to  equal  a  prism  268  feet  in  height  with 
a  base  of  one  square  mile. 

It  is  much  to  be  desired  that  careful  meastirements  should  be  made 
of  the  quantity  of  silt  carried  down  annually  by  our  British  rivers.  The 
amount  which  is  deposited  in  harbours  at  river  mouths  has  indeed  been 
in  many  cases  measured.  *  But  this  can  of  course  afford  but  a  vague 
measurement  of  the  total  amount  which  is  brought  down  from  the  land 
and  carried  out  to  sea.  In  the  case  of  the  river  Nith,  a  series  of 
measurements  and  deductions,  made  by  the  resident  engineer,  led  him  to 
the  conclusion  that  the  quantity  of  detritus  borne  by  that  stream  into 
the  Sol  way  Firth  reaches  every  year  the  amount  of  from  112,000  to 
1 20,000  cubic  yards,  t 

No  one  can  have  witnessed  the  effects  of  a  violent  or  long-continued 
fall  of  rain  ^jupon  even  the  small  streams  in  the  hilly  parts  of  this 
country  without  being  impressed  with  the  amount  of  waste  which  the 
surface  of  the  land  is  continuaUy  suffering  from  this  cause.  At  Inver- 
ness, for  example,  the  bum  of  Holm,  during  a  ''spate,"  sometimes 
carries  down  several  thousand  tons  of  stones  and  gravel  into  the  river 
Ness.^  Mr.  Thomas  Stevenson,  the  eminent  harbour  engineer,  informs 
me  that  at  Lybster,  on  the  Caithness  coast,  where  a  harbour  has  been 
constructed  at  the  mouth  of  a  small  stream,  between  400  and  500  cubic 
yards  of  gravel  and  sand  are  every  year  carried  down  by  the  stream. 
A  weir  or  dam  has  been  constructed  to  protect  the  harbour  from  the 
inroad  of  the  coarser  sediment,  and  this  is  cleaned  out  regularly  every 
sunmier.  But  by  far  the  greater  portion  of  the  fine  silt  is  no  doubt 
swept  out  into  tiie  North  Sea.  The  erection  of  the  artificial  barrier, 
by  arresting  the  seaward  course  of  the  gravel,  reveals  to  us  what  must 
be  the  normal  state  of  this  stream,  and  of  all  similar  streams  descending 
from  maritime  hills.  §  Over  and  above  the  quantity  of  fine  silt,  the 
presence  of  which  is  abundantly  manifest  in  the  turbid  colour  of  the 
water  during  a  rainy  season,  there  are  annually  carried  along  the 
bottom  of  the  channel,  and  thence  into  the  sea,  enormous  quantities  of 
coarser  sediment  Even  when  this  under  stratum  of  moving  gravel 
cannot  be  seen  imder  the  discoloured  water,  the  stones  of  which  it  is 
composed  may  be  heard  knocking  against  each  other  as  the  current 
sweeps  them  onward.     I  was  much  struck  with  observing  this  on  the 

*  See  the  eridence  on  this  tabjeot  collected  In  Appendix  C  to  Tidal  Earbourt  Ctmmia- 
Hon,  1847.  In  Dundee  Harbour  the  deposit  of  silt  is  said  to  amount  to  two  or  three  feet  in 
a  year.    Six  inches  of  deposit  annually  appears  to  be  a  common  quantity. 

iOp.cU.p.WS,  tOp.cit.  p.  848. 

I  The  area  drained  by  ttiia  stream  is  about  four  square  miles ;  consequently  the  amount 
of  loss  of  surface  which  is  represented  by  the  coarse  gravel  and  sand  slone  is  Tfimr  of  * 
foot 
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Rhine  and  Moselle.  Above  Bonn,  and  again  a  little  below  tbe  Lurdei 
Bock,  while  drifting  down  the  former  liyer,  I  could,  by  lajing  my  ear 
close  to  the  bottom  of  the  open  boat,  hear  the  harsh  grating  of  the 
gravel  stones  over  each  other  as  the  current  kept  pushing  them  on- 
wards along  the  bottom.  The  water  was  rather  low,  but  the  current 
remained  tolerably  swift.  Again,  on  the  Moselle,  between  Cochem  and 
Coblentz,  I  observed  the  same  fact.  From  these  obeervations,  it  is 
evident  that  the  quantity  of  material  held  in  suspension  by  no  means 
represents  aU  the  detritus  removed  by  a  river  from  the  area  which  it 
drains. 

It  may  seem  superfluous  to  insist  that  the  earthy  matter  borne  into 
the  sea  from  any  given  area  represents  so  much  actual  loss  from  the 
surface  of  that  area.  Yet  this  self-evident  statement  is  probably  not 
realised  by  many  geologists  to  the  extent  which  it  deserves.  If  a 
stream  removes  in  one  year  one  million  of  cubic  yards  of  earth  from 
its  drainage  basin,  that  basin  must  have  lost  one  ndllion  of  cubic  yards 
from  its  surfeu^e.  We  are  not  now  to  consider  whether  the  loss  has  been 
borne  equally  by  the  whole  surface,  or  falls  only  on  special  parts  of  it : 
tlus  part  of  ihe  subject  will  be  reverted  to  in  the  sequeL  It  is  sufficient 
for  the  present  to  regard  the  loss  as  a  reality,  which  we  see  daily  before 
our  eyes,  and  which  we  can  approximately  measure. 

From  the  data  and  authorities  which  have  now  been  adduced,  the 
subjoined  table  has  been  constructed,  in  which  are  given  the  results  of 
the  measurement  of  the  proportion  of  sediment  in  a  few  rivers.  The 
last  two  colunms  show  the  fraction  of  a  foot,  which  each  river  must  re- 
move from  the  general  surface  of  its  drainage  basin  in  one  year.  In 
the  first  of  these  two  columns  the  sum  represents  the  loss  in  sediment ; 
and  allowing  the  average  specific  gravity  of  river-silt  to  be  1*9,  and  that 
of  rocks  to  be  2*5,  the  second  column  shows  the  amount  of  solid  rock 
which  must  annually  be  removed. 
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It  will  be  seen  that  the  amount  is  in  some  cases  nearly  ten  times 
greater  than  in  others.  In  the  Po,  [for  example,  the  rate  of  waste  is 
more  than  nine  times  more  rapid  than  it  is  in  the  Danube.  The 
Miflrianippi  rate  is  only  about  one-third  of  that  of  the  Rhone. 

At  the  present  rate  of  erosion,  the  rivers  named  in  this  table  re- 
move one  foot  of  rock  from  the  general  surface  of  their  basins  in  the 
following  ratio : — 

The  Mississippi  remoyes  one  foot  in  6000  years. 
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The  Mississippi,  therefore,  is  lowering  the  surface  of  the  great  basin 
which  it  drains  at  the  rate  of  one  foot  in  6000  years.  If  this  rate 
continues,  10  feet  will  of  course  be  removed  in  60,000  years ;  100 
feet  in  600,000  years  ;  1000  feet  in  6,000,000.  The  mean  height  of 
the  North  American  Continent,  according  to  Humboldt,  is  1496  feet* 
Under  the  Mississippi  rate  of  denudation,  therefore,  that  continent 
would  be  worn  away  in  about  nine  million  years. 

The  Gauges  works  still  more  rapidly.  It  removes  one  foot  of  rock 
in  2358  years,  and  if  Humboldt's  estimate  of  the  average  height  of  the 
Asiatic  contioent  be  accepted — ^viz.  2264  English  feet,t  that  mass  of 
land,  worn  down  at  the  rate  at  which  the  Gkmges  destroys  it,  would 
disappear  in  little  more  than  five  millions  of  years. 

Still  more  remarkable  is  the  extent  to  which  the  river  Po  denudes 
its  area  of  drainage.  Even  though  measurements  had  not  been  made 
of  the  ratio  of  sediment  contained  in  its  water,  we  should  be  prepared 
to  find  that  proportion  a  remarkably  large  one,  if  we  look  at  the 
enormous  changes  which,  within  historic  times,  have  been  made  by  the 
alluvial  accumulations  of  this  river.  According  to  the  data  already 
cited,  the  Po  removes  one  foot  of  rock  from  its  drainage  basin  in  729 
years.  This  is  equal  to  the  removal  of  ten  feet  in  7290  years,  100  in 
72,900  years.  The  mean  height  of  Europe  is  stated  to  be  1342  English 
feett  If  the  whole  of  that  continent  were  denuded  at  the  same  rate 
as  in  the  basin  of  the  Po,  it  would  be  levelled  in  rather  less  than  a 
million  years. 

Although,  in  the  present  imperfection  of  our  data,  these  results 
cannot  be  regarded  as  strictly  accurate  ;  yet,  on  the  other  hand,  they 

*  AtU  CaUraU,  tome  L  188.  He  gives  748  feet  •■  the  height  of  the  mean  centre  of 
gravity  of  the  North  American  continent ;  071  feet  tm  t£e  height  €i  the  same  line  for 
Barope ;  and  llBS  feet  for  Asia.  Bnt  there  is  reason  to  believe  that  these  estimates  are 
somewhat  too  high. 

t  Humboldt,  iMd.  X  Hnmboldt,  ibid. 
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are  not  mere  gaesses.  The  amount  of  water  flowing  into  the  aea,  and 
the  annual  diBcharge  of  sediment,  haye  been  in  each  case  measured  with 
greater  or  less  precision.  The  areas  of  drainage  may  perhaps  require 
to  be  increased  or  lessened.  But  though  some  change  may  be  made 
upon  the  ultimate  results  just  given,  it  is  ^hardly  possible  to  consider 
them  attentively  without  being  forced  to  ask  whether  those  enormous 
periods  which  geologists  are  in  the  habit  of  demanding  for  the  acc<UD- 
plishment  of  geological  phenomena,  and  more  especially  for  the  veiy 
phenomena  of  denudation,  are  not  in  reality  far  too  vast.  If  the 
Mississippi  is  carrying  on  the  process  of  denudation  so  fjEist  thaX  at 
the  same  rate  the  whole  of  North  America  will  be  levelled  in  oine 
millions  of  years,  surely  it  is  most  unphUosophical  to  demand  un- 
limited ages  for  similar  but  often  much  less  extensive  denudati<»is 
in  the  geological  past  Moreover,  that  rate  of  erosion  appears  on  the 
whole  to  be  rather  below  the  average  in  point  of  rapidity.  The  Po, 
for  instance,  works  more  than  eight  times  as  fast  But  as  the  physics 
of  the  Mississippi  have  been  more  carefully  studied  than  those  of  per- 
haps any  other  river,  we  shall  probably  not  exaggerate  the  result  if  we 
assume  the  Mississippi  ratios  as  the  average.  It  may  not  be  without 
advantage  to  apply  this  average  to  the  case  of  a  number  of  British 
rivers,  the  drainage-area  and  water-dischaige  of  which  are  known.  The 
subjoined  table  shows  the  ascertained  amount  of  water  discharged  bj 
five  rivers  in  this  country.  Assuming  the  proportion  of  sediment  to 
be  the  same  as  in  the  Mississippi,  we  obtain  the  result  in  the  last  two 
columns : — 
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Hence  it  appears  that  if  the  proportion  of  earthy  matter  in  the 
water  of  the  Tay  resembles  that  in  the  water  of  the  Missiaaippi,  the 
area  of  the  Highlands,  drained  by  the  former  river,  must  be  snffeiii^  a 
loss  at  the  rate  of  one  foot  in  less  than  2000  years.  This  is  possildy 
not  an  exaggeration,  for  we  have  already  seen  that,  disregarding  the 
finer  silt  carried  o£f  in  suspension,  the  amount  of  gravel  and  nad 
brought  down  annually  by  the  Nith  is  equal  to  a  loss  of  one  foot  in 
4700  years. 
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There  is  another  point  of  view  from  which  a  geologist  may  ad- 
vantageously contemplate  the  active  denudation  of  a  country.  He  may 
estimate  the  annual  rainfall  and  the  proportion  of  water  which  returns 
to  the  sea.  If  he  can  obtain  a  probable  average  ratio  for  the  earthy 
substances  contained  in  the  river-water  which  enters  the  sea,  he  will  be 
able  to  estimate  the  mean  amount  of  loss  sustained  by  the  whole 
country.  Thus,  if  he  takes  the  average  rainfall  of  the  British  Islands 
at  36  inches  annually,  and  the  superficial  area  over  which  this  rain  is 
discharged  at  120,000  square  miles,  then  it  will  be  found  that  the  total 
quantity  of  rain  received  in  one  year  by  the  British  Isles  is  equal  to 
about  68  cubic  miles  of  water.  Estimates  have  varied  as  to  the  pro- 
portion of  the  rainfall  which  is  eventually  returned  to  the  sea  by  streams. 
Some  writers  have  given  it  as  probably  about  a  third,  others  as  a  fourth.* 
If  we  take  it  at  the  former  estimate,  there  are  23  cubic  miles,  if  at  the 
latter,  there  are  17  cubic  miles  of  fresh  water  sent  off  the  surface  of 
the  British  Islands  into  the  sea  in  one  year. 

When  the  rain  fells  it  is  nearly  pure  water,  but  when,  after  a 
devious  course  of  sometimes  hundreds  of  miles,  it  ia  poured  into  the 
sea,  it  is,  as  we  know,  largely  charged  with  mineral  matter  both  in 
solution  and  suspension,  as  well  as  in  motion  along  the  channels  of  the 
streams.  Let  us  take  some  average  ratio  for  these  impurities  ;  and  we 
shall  probably  guard  against  exaggeration  by  assuming  this  ratio  to  be 
only  Wn^  by  volume  of  the  water,  and  the  proportion  of  the  rainfall 
returned  to  the  sea  to  be  ^.  At  this  rate  TtW  of  a  foot  of  rock  must 
W.  f  removed  from  the  general  surface  of  our  country  every  year.  One 
loot  will  be  planed  away  in  880p  years.  The  mean  height  of  the 
British  Islands  is  probably  less  than  650  feet  Under  the  existing 
state  of  things,  therefore,  if  the  ratio  now  assumed  is  near  the  truth, 
these  islands  will  be  levelled  in  about  five  and  a  half  millions  of  years. 
We  still  require  much  more  detailed  observation  in  this  country  before 
any  estimate  of  this  kind  can  be  based  upon  accurate  and  reliable  data. 
But  I  have  thought  it  desirable'  to  indicate  it  as  a  method  of  vividly 
bringing  before  the  mind  the  reality  and  extent  of  the  denudation  now 
in  progress. 

/3.  Subaerial  Denudation  considered  as  the  unequal  lowering  of  the 

Qeneral  Surface  of  a  Ck>untr7. 

It  is  important  to  regard  the  annual  discharge  of  sediment  from  the 
surface  of  a  country,  as  a  definite  quantity  which  may  be  measured, 
and  which,  when  so  measured,  gives  us  the  amount  of  loss  which  that 
surfece  has  sustained  in  one  year,  or,  in  other  words,  the  extent  to  which 

*  Mariotte  estimated  the  proportion  of  the  rainfall  discharged  by  the  Seine  Arom  its 
catchment  basin  as  i ;  Daosse  subsequently  made  a  fresh  calculation,  and  set  the  propor- 
tion at  |.— 49ee  Becquerel,  EUaunU  ds  FkyHque  7<rres(n,  p.  883. 
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the  ayeiage  level  of  the  country  has  been  reduced.  By  looking  at  tk 
subject  from  this  point  of  view,  we  obtain  some  adequate  idea  of  the 
extent  of  the  loss  which  the  land  is  constantly  undergoing  from  subaerial 
causes  even  before  our  eyes.  At  the  same  time  it  is  sufficiently  obvious 
that  the  earthy  matter  annually  removed  frt)m  the  surface  of  the  land 
does  not  come  equally  from  the  whole  surface.  The  determinadon  of 
the  total  quantity  of  earthy  materials  removed  does  not  araist  us  in 
any  way  to  apportion  the  loss,  or  to  ascertain  how  much  each  pait  of 
the  surface  has  contributed  to  the  total  amount  of  sediment  On  plains, 
watersheds,  and  more  or  less  level  ground,  the  proportion  of  loss  may 
be  small,  while  on  slopes  and  in  valleys  it  may  be  great,  and  it  maj 
not  be  easy  to  determine  the  true  ratios  in  these  cases.  BtU  ow  esti- 
mates and  measurements  of  the  sum  total  of  denudation  are  not  thereby 
affected.  This  must  not  be  overlooked.  If  we  allow  too  little  for  the 
loss  frx)m  the  siuface  of  the  table-lands,  we  increase  the  proportion  of 
the  loss  sustained  by  the  sides  and  bottoms  of  the  valleys,  and  vice  vena. 
These  proportions  must  vary  indefinitely  with  the  form  of  the  surface, 
rainfall,  etc  But  the  fact  remains,  Uiat  the  balance  of  loss  must 
always  be,  on  the  whole,  on  the  side  of  the  sloping  surfaces.  In  order 
to  show  the  full  import  of  this  part  of  the  subject,  I  will  assume  certain 
ratios,  which  are  probably  understatements  rather  than  exaggerations. 

Let  us  take  the  proportion  between  the  extent  of  the  plains  and 
table-lands  of  a  country,  and  the  area  of  its  valleys,  to  be  as  nine  to 
one  ;  in  other  words,  that  of  the  whole  surface  of  the  country,  one- 
tenth  part  is  occupied  by  the  valleys,  while  the  remaining  nine-tenths  j 
consist  of  broad  imdulating  plains,  watersheds,  or  other  comparativelj  ^ 
level  groimd.  Let  it  be  further  assumed  that  the  erosion  of  the 
surface  is  nine  times  greater  over  the  latter  than  over  the  former  area, 
BO  that,  while  the  more  level  parts  of  the  country  have  been  lowered 
one  foot,  the  valleys  have  lost  nine  feet  According  to  the  calculations 
already  given,  it  appears  that  the  mean  annual  quantity  of  detritus 
carried  to  the  sea,  may,  with  some  probability,  be  regarded  as  equal  to 
the  yearly  loss  of  W^tf  of  a  foot  of  rock  from  the  general  surface  of  tk 
country.  Apportioning  this  loss  over  the  surface  in  the  ratio  just  given, 
we  find  that  it  amoimts  to  |  of  a  foot  from  the  more  level  grounds  ia 
6000  years,  and  5  feet  from  the  valleys  in  the  same  space  of  tmt 
Then,  if  |  of  a  foot  be  removed  from  the  level  grounds  in  6000  years, 
1  foot  will  be  removed  in  10,800  years  ;  and  if  6  feet  be  worn  out  of 
the  valleys  in  6000  years,  1  foot  will  be  worn  out  in  1200  years.  This 
is  equal  to  a  loss  of  only  iV  of  an  inch  from  the  table-land  in  75  yean, 
while  the  same  amount  is  excavated  from  the  valleys  in  8^  years. 

It  may  seem  at  first  sight  that  such  a  loss  as  only  a  single  line 
from  the  surface  of  the  open  country  during  more  than  the  lapse  of  a 
long  human  life  is  almost  too  trifling  to  be  taken  into  account,  as  it  i& 
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certainly  too  small  to  be  generally  appreciable,  or  even  to  be  easily  de- 
tected by  careful  measurements.  In  the  same  way,  if  we  are  told  that 
the  constant  wear  and  tear  which  is  going  on  before  our  eyes  in  valleys 
and  watercourses  does  not  effect  more  than  the  removal  of  one  line  of 
rock  in  eight  and  a  half  years,  we  may  naturally  enough  regard  such  a 
statement  as  probably  an  under-estimate.  But  if  we  only  pennit  the 
multiplying  power  of  time  to  come  into  play,  the  full  force  of  these 
seemingly  insignificant  quantities  is  soon  made  apparent  For  we  find, 
by  a  simple  piece  of  arithmetic,  that,  at  the  rate  of  denudation  which 
has  been  just  postulated  as  probably  a  fair  average,  a  valley  1000  feet 
deep  maybe  excavated  in  1,200,000  years,  a  period  which,  in  the  eyes 
of  most  geologists,  will  seem  short  indeed. 

The  ratios  from  which  this  average  rate  of  denudation  is  computed 
are  framed  according  to  the  most  probable  estimates  at  present  available. 
They  may  be  replaced  by  others  when  more  accurate  data  have  been 
obtained.  But  it  may  be  again  pointed  out  that,  let  us  asisume  any 
other  apportioning  of  the  total  amount  of  denudation,  we  do  not  thereby 
lessen  the  measurement  of  that  amount  which  can  be,  and  has  been, 
ascertained  in  the  annual  discharge  of  rivers.  We  have  a  certain  de- 
termined quantity  of  rock  annually  worn  off  the  surface  of  the  land. 
If,  as  already  remarked,  we  represent  too  large  a  proportion  as  derived 
from  the  valleys  and  watercourses,  we  diminish  the  loss  from  the  open 
country ;  or  if  we  make  the  contingent  derived  from  the  latter  too  great, 
we  lessen  that  from  the  former.  Under  any  ascertained  or  assumed 
proportion  the  facts  remain,  that  the  land  loses  a  certain  ascertainable 
fraction  of  a  foot  from  its  general  surface  per  annimi,  and  that  the  loss 
from  the  valleys  and  watercourses  is  much  larger  than  that  fraction, 
while  the  loss  from  the  level  grounds  is  much  less. 

Objections  ate  sometimes  urged  against  the  efficacy  of  subaerial  de- 
nudation, on  the  groimd  that  certain  features  of  the  land-surface,  which, 
it  ia  assumed,  ought  to  be  rapidly  destroyed,  nevertheless  remain  un- 
changed for  centuries.  In  one  sense,  it  is  sufficient  reply  to  point  to 
the  clear  undeniable  fact  that  every  stream  annually  removes  from  the 
land  a  certain  measurable  quantity  of  detritus  worn  off  the  surface  of 
the  land.  To  deny  that  the  surface  of  a  country  is  annually  suffering 
a  lowering  of  its  general  level  from  denudation,  is  to  shut  the  eye  to 
the  evidence  vividly  displayed  by  every  brook  and  river  by  which  the 
surface  of  that  country  is  traversed.  Some  objectors,  however,  do  not 
deny  the  annual  loss  of  rock,  but  maintain  that  it  is  not  derived  from 
the  general  surface  of  the  coimtry,  but  only  from  comparatively  limited 
portions,  and  they  point  to  certain  features  of  the  surfeu^  as  affording 
proofis  of  permanence.  The  most  ingenious  objections  of  this  kind, 
Tvhich  I  have  yet  met  with,  are  stated  by  M.  Elie  de  Beaumont.*     I 

*  Lefont  ds  GiologU  PratigWf  1843,  tome  i.  p.  185  et  uq. 
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shall  give  here  a  sketch  of  the  argument  by  which  the  distiiiguiahed 
French  geologist  endeavours  to  show  that  the  influence  of  atmospheric 
causes  is  quite  insignificant. 

The  solid  rocks  are  usually  more  or  less  covered  vrith  ft  layer  of  vegetaUe  soil, 
which,  though  at  first  sight  it  may  seem  to  present  few  points  of  interest,  dates  in 
reality  from  a  high  antiquity,  and  merits  the  special  study  of  the  geologist.  It  is 
intimately  associated  with  human  history,  and  offers  in  consequence  materials  for 
the  establishment  of  positive  data  in  geolc^.  The  human  monuments  which  it 
contains  furnish  most  important  geological  evidence,  for  if  the  inscriptions  graven 
upon  them  a  thousand  or  two  thousand  years  ago  remain  still  fresh,  it  is  thereby 
shown  that  certain  parts  of  the  earth's  surface  may  be  preserved  unchanged  for  a 
long  time.  But  apart  from  the  question  of  their  own  conservation,  these  monu- 
ments prove  that  tiie  surface  of  the  ground  and  the  vegetable  soil  undergo  very 
little  modification.  The  Roman  bridges  still  span  the  watercourses  over  whidi 
they  were  built,  for  the  waters  have  not  risen  any  nearer  to  the  tops  of  the  arches, 
nor  sunk  so  as  to  expose  the  foundations,  but  pass  to-day  just  at  the  height  for 
which  the  bridges  were  constructed.  Hence,  the  bed  of  these  rivers  has  not 
changed.  Along  different  parts  of  the  lower  course  of  the  Rhone  the  Roman 
remains  of  different  kinds  are  in  perfect  accordance  with  the  existing  level  of  the 
river,  and  the  present  regime  of  that  stream  appears  thus  to  have  remained  as  it  is 
from  time  immemorial.  A  like  inference  is  to  be  drawn  from  the  occurrence  of 
the  large  standing-stones  so  abundant  in  Europe.  These  monuments  most  of 
which  must  be  at  least  2000  years  old,  have  been  simply  planted  in  the  soiL  If 
the  surface  of  the  soil  had  been  lowei^d,  their  base  would  have  been  laid  bare, 
had  it  been  raised,  their  base  would  have  been  covered  up.  But  they  remain  just 
sunk  so  far  in  the  soil  as  to  prevent  them  from  falling.  This  holds  true,  not  only 
for  those  on  flat  ground,  but  also  for  those  which  stand  on  sloping  declivities,  and 
even  when  in  such  circumstances  they  are  exposed  to  aU  the  changes  of  a  maritime 
climate.  Farther,  and  still  more  unexceptionable  proof  of  the  insignificance  of  the 
degradation  undeigone  by  grass-covered  soil,  is  found  in  those  ancient  earthen 
mounds,  such  as  tumuli,  forts,  and  camps,  which,  even  with  sloping  sides,  haw 
retained  almost  perfectly  their  original  forms.  The  angle  of  declivity  of  the 
ramparts  remains  what  it  evidently  was  at  first,  and  the  ditches  between  the 
ramparts  have  not  been  filled  up.  Again,  in  ground  which  has  long  been 
abandoned  by  the  plough,  the  parallel  furrows  may  still  be  traced.  In  Brittany 
and  in  Spain,  for  instance,  there  are  districts  where  the  soil  has  not  been  culti- 
vated for  a  great  many  centuries,  yet  where  the  old  ridges  made  by  the  pk>ugh 
remain  perfectly  distinct  under  the  coating  of  turf.  If  we  watch  the  influence  of 
sun  and  rain  upon  ploughed  land,  we  ol^erve  that  while  the  soil  is  hare  these 
exteiiial  agents  act  with  comparative  rapidity  in  reducing  its  surface  to  a  mote 
stable  contour,  which  gets  covered  with  herbage  and  remains  almost  without  change 
for  an  immense  period.  In  this  process  the  action  of  the  atmospheric  forces  is 
greater  the  first  year  than  the  second,  greater  the  second  year  than  the  third, 
greater  the  third  year  than  the  fourth,  the  changes  decreasing  almost  in  a  geome- 
trical progression.  If  the  effect  produced  in  the  second  year  were  half  of  that  in 
the  first,  if  that  produced  in  the  third  year  were  half  of  that  in  the  second,  and  so 
on,  the  sum-total  of  change  produced  at  the  end  of  an  indefinite  time  would  only 
be  double  that  effected  at  the  end  of  the  first  year.  If  the  second  year*s  alt^atioo 
were  equal  to  three-fourths  of  that  of  the  first  year,  the  result  at  the  end  of  an  in- 
definite period  would  only  be  four  times  that  of  the  fljst  year.  Or  lastly,  if  the 
second  year's  alteration  were  nine-tenths  of  the  first  year's,  the  result  after  an 
indefinite  time  would  be  merely  ten  times  that  of  the  first  year. 

M.  Elie  de  Beaumont  then  proceeds  to  discuss  the  evidence  afforded  by  vege- 
tation.    He  contends  that,  as  a  tree  cannot  live  unless  the  soil  on  which  it  grows 
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remains  beneath  it,  so  trees  which  have  been  sevend  centuries  in  ezistenoe  show 
that  the  soil  during  that  period  has  undergone  no  appreciable  change.  Even  on 
slopes  where  the  vegetable  soil  is  very  thin,  there  are  forests  of  centuryold  trees, 
so  that  the  permanence  of  the  existing  surface  is  thus  established  for  inclined  as 
well  as  for  flat  ground.  From  this  point  of  view  the  longevity  of  certain  trees 
acquires  a  special  interest  to  the  geologist,  and  the  author  cites  a  number  of 
examples  in  illustration.  Nor  is  it  merely  the  higher  forms  of  vegetation  that  are 
appetded  to.  Ceitain  lichens  coating  the  surfaces  of  rocks  may  be,  to  use  the 
words  of  De  CandoUe,  "as  old  as  the  last  cataclysm.*'  Qrass  likewise  protects 
the  soil  on  which  it  grows,  and  may  be  very  old.  Vegetation  generally  tends  to 
preserve  the  present  form  of  the  surface,  and  where  it  has  been  removed  by  man, 
the  soil  underneath  has  in  many  places  been  carried  away  by  running  water,  and 
the  ground  rendered  for  a  long  while  uncultivable.  The  natural  state  of  the 
surface  of  the  globe  is  to  be  covered  and  protected  by  a  coating  of  vegetation. 
There  are,  indeed,  many  places  where  that  surface  is  subject  to  continual  and  very 
visible  degradation,  such  as  the  sea-margin  and  the  channels  of  streams,  where  the 
ground  is  being  perpetually,  as  it  were,  cut  to  the  quick.  But  these  changes  are 
so  perceptible,  precisely  bemuse  in  most  places  the  vegetable  soil  remains  nearly 
imaltered  during  the  lapse  of  immense  periods.  This  layer  of  vegetable  soil, 
therefore,  is  in  fact  a  kind  of  fixed  point  or  zero  by  which  to  measure  the  phe- 
nomena that  take  place  more  rapidly. 

In  introducing  the  subject,  M.  Elie  de  Beaumont  remarks  that  it  possesses 
for  the  general  public  the  recommendation  of  requiring  no  previous  geological 
knowledge.  Assuredly,  a  reader  who  has  no  pretensions  io  science  may  yet 
readily  detect  the  fallacy  which  runs  through  the  whole  of  the  interesting  argu- 
ment of  the  French  savan.  The  monuments  of  antiquity  on  which  that  argument 
is  founded  form  but  a  small  fraction  of  the  number  of  monuments  originally  con- 
structed. Every  year  is  thinning  them  down  still  more,  whether  it  be  by  the  hand 
of  man  or  by  the  inevitable  march  of  decay.  Destruction  is  the  rule,  preservation 
is  the  exception.  To  select,  therefore,  the  examples  which,  owing  to  more  favour- 
able drcumstancee,  have  been  preserved,  and  to  take  no  note  of  the  far  greater 
number  which  have  been  destroyed,  necessarily  leads  to  a  result  which  is  far  from 
being  true.  Reduced  to  a  syllogism,  the  argument  would  be  stated  thus : — If 
atmospheric  waste  could  produce  during  2000  years  any  appreciable  change  upon 
the  surface  of  a  country,  human  monuments  would  show  it  Some  human  monu- 
ments cited  by  M.  de  Beaumont  do  not  show  it,  therefore  atmospheric  waste  is  not 
]m>ductive  of  any  sensible  alteration  of  the  surface  of  a  country. 

It  is  not  necessary  to  enter  into  the  details  of  the  reasoning,  otherwise  it  would 
not  be  difficult  to  show  that  the  preservation  of  old  forts  and  tumuli  is  in  thousands 
of  cases  by  no  means  so  perfect  as  is  alleged ;  that  the  standing-stones  which  are 
still  erect  do  not  furnish  any  proof  that  the  soil  around  them  has  undergone  no 
change — a  statement,  indeed,  which  seems  sufficiently  negatived  by  the  number  of 
stones  lying  prostrate  ;  and  that  for  one  legible  inscription  more  tiian  two  or  three 
centuries  old,  it  would  be  easy  to  furnish  scores  which  have  been  obliterated  after 
a  few  generations.  But  even  if  all  these  assertions  were  just,  and  if  it  could  be 
conclujrively  proved  that  for  a  thousand  or  two  thousand  years  certain  human 
monuments  had  undergone  no  appreciable  alteration,  would  the  inference  neces- 
sarily be  just  that,  therefore,  rain,  frost,  streams,  and  the  other  meteoric  agents 
of  decay  exercise  no  material  influence  upon  the  general  surface  of  the  ea^  I 
Is  it  not  manifest  that  the  time  during  which  observations  have  been  made  is 
infinitely  too  brief  to  warrant  any  such  sweeping  deduction  ?  A  process  which, 
in  two  tiiousand  years,  has  not  efi'ected  any  perceptible  alteration  on  certain  parts 
of  the  earth's  surface,  may  yet  have  been  rapid  enough  in  the  course  of  the 
geological  ages,  to  have  worked  the  most  stupendous  changes  upon  that  surface  as 
a  whole.    If,  following  up  the  foregoing  estimates,  we  put  down  the  amount  of 
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rock  romoTed  tzmnally  from  the  open  country  as  -nrhnF  of  &  f*^^  thk  wonid  amomt 
to  no  more  than  2*22  inches  in  2000  years — the  time  comprised  by  tiie  eiridence  of 
M.  £.  de  Beaumont.  This  would  be  a  quantity  so  small  as  to  be  whoDy  inappre- 
ciable. Again,  if^  using  still  the  same  estimate,  we  take  the  loss  of  surface  liom 
the  ralleys  and  water-courses  as  y^  of  a  foot  in  one  year,  this  would  giTe  us  only 
twenty  inches  in  2000  years — an  amount  which,  in  default  of  any  trustworthy 
standard  of  measurement,  would  likewise  be  inappreciable.* 

To  these  arguments  of  M.  E.  de  Beaumont  may  be  added  another,  based  on  the 
same  kind  of  reasoning,  and  which  appears  to  have  great  weight  in  the  eyes  of  some 
geologists— viz.  that  the  ruts,  grooves,  and  scratches,  graven  upon  rocks  during 
the  glacial  period,  remain  still  fresh,  although  the  surfaces  so  marked  have  been 
oppoised  to  all  the  vicissitudes  of  a  changeable  climate.  It  is  contended  that,  had 
atmospheric  waste  been  so  powerM  as  the  followers  of  Button  maintain  it  to  be, 
these  maridngs  would  certainly  have  been  effaced  during  the  lapse  of  the  thousands 
of  years  since  the  ice  left  them  upon  the  rocks.  And  the  fact  of  their  preservatioa 
is  pointed  to  as  a  proof,  that  even  in  a  stormy  region  like  that  of  the  western  and 
northern  portions  of  the  British  Islands,  the  general  surface  of  the  country  has 
remained  for  thousands  of  years  without  appreciable  change. 

To  an  eye  trained  in  tracing  the  effects  of  ice-action,  the  general  surface  of  the 
British  Isluids  wears  an  unmistakable  ice-smoothed  aspect  But  the  localitaes 
where  the  actual  ice-polish  and  striaa  are  now  exposed  are  few,  indeed,  when  com- 
pared with  the  area  from  which  these  fine  markings  have  been  effaced,  yet  which 
still  retain  abundant  evidence  of  having  once  been  glaciated.  We  see  the  smrface 
in  all  stages  of  decay,  from  rocks  where,  save  periiaps  on  the  large  scale,  aD  Testige 
of  ice-action  has  disappeared,  to  polished  and  striated  surfMses  which  remain  s^ 
fresh.  In  very  many  cases  where  these  markings  retain  such  freshness,  it  is  easy 
to  see  that  they  have,  till  comparatively  recently,  been  protected  under  a  oovoing 
of  soil,  turf^  gravel,  or  clay.  In  cases  where  the  striated  faces  of  rock  have  been 
laid  bare  by  human  agency,  a  few  years  sometimes  suffice  to  remove  the  sharpness 
which  they  had  when  the  protecting  day  was  removed  from  them.  Those,  for 
example,  who  remember  tlM  appearance  of  the  striated  dolerite  on  the  Qoeen's 
Drive  at  Edinburgh,  when  that  road  was  made  about  a  quarter  of  a  century  ago^ 
will  find  that  even  this  brief  exposure  has  been  enough  to  remove  the  original 
delicacy  of  the  lines.  In  the  old  glacier  distriots  of  £e  Highlands,  too,  I  have 
often  noticed  well-marked  roehes  nunUonnSes,  where  the  rounded  form  and  ^» 
parallel  grooves  and  strisB  still  remained  wonderfully  distinct.  Yet,  on  eTaiwining 
these  bosses  of  gneiss  or  schist,  I  found  that  the  quartz-veins  traversing  the  rod: 
sometimes  projected  firom  the  general  surface  a  twelfth  of  an  inch  or  moire,  and 
retained  the  finer  strisa,  which  were  all  obliterated  from  the  rest  of  the  rock.  Tet, 
looking  at  these  roehes  motUonnies,  one  might  have  been  disposed  to  say  that  they 
still  remained  very  much  as  the  ice  had  1^  them.    Nevertheless,  there  was  here 


*  The  view  taken  of  this  matter  by  the  early  leaders  of  the  Hnttonian  philosophy 
as  original  as  it  was  far-sighted.  Playfalr  conclndes  his  reasoning  thus : — "  The  soil,  tber&> 
fore,  is  continnally  diminished,  its  parts  being  transported  from  higher  to  lower  levels,  and 
finally  delivered  into  the  sea.  Bat  it  is  a  fact  that  the  soil,  notwithstanding,  remains  the 
same  in  quantity,  or  at  least  nearly  the  same,  and  must  have  done  so  ever  since  the  eartii 
was  the  receptacle  of  animal  or  vegetable  life.  The  soil,  therefore,  is  aogm^ited  from 
other  cansee,  jast  as  much,  at  an  average,  as  it  is  diminished  by  that  now  mentioned :  aod 
this  augmentation  evidently  can  proceed  ttom  nothing  but  the  constant  and  slow  disintqg- 
ration  of  the  rocks.  In  tke  permanenM,  ihsr^ore,  of  a  oo<U  of  v^ifetabU  movld  on.  A»  smi^^ 
of  the  aorO,  toe  kaveademonstniHveproofoftheeonHnualikstrucHonfifthe  roekt;  and  eannoft 
but  admire  the  skill  with  which  the  powen  of  the  many  chemical  and  mechanical  a^eiili 
emploTed  in  this  oompUeated  work  are  so  atUnsted  as  to  make  the  supply  and  waste  oT  the 
soil  exactly  equal  to  one  another.**— JUiMfraMoiu,  p.  106. 
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proof,  that  while  the  general  ice-worn  character  of  the  rock-railaoe  remained  still 
remarkably  distinct,  one  line  or  more  had  been  gradually  eaten  away  from  that 
snrfiBce.  A  tolerably  wide  experience  of  ice-worn  rocks  in  this  country,  in  Norway, 
in  Switzerland,  and  among  the  Eastern  Alps,  has  taught  me  that  glaciated  surfaces 
are  no  exceptions  to  the  general  law  of  decay,  and  that  as  soon  as  they  are  directly 
exjxMed  to  the  atmosphere,  they  begin  to  weather,  as  all  other  surfaces  da* 

In  considering  an  objection  of  tbis  kind,  we  must  not  forget  that  of  all  possible 
forms  of  surface,  that  of  an  ice-smoothed  boss  or  face  of  rock  is  probably  the  one 
where  the  subaerial  agencies  of  waste  will  have  least  facility  for  action,  and  which 
will  therefore  longest  retain  its  contour.  The  polished  surface  allows  rain  to  run 
off  at  once,  and  the  joints  which  would  otherwise  pennit  the  dismptiTe  acticm  of 
froet  are  for  a  long  while  concealed.  The  sides  of  a  polished  granite  obelisk  will 
resist  the  weather  far  longer  than  the  surface  of  a  rough  block  of  the  same  stone. 
Those,  therefore,  who  employ  ice-worn  surfaces  as  evidence  against  the  potency  of 
atmospheric  denudation,  aigue  in  precisely  the  same  way  as  M.  £.  de  Beaumont.  It 
is  as  if  they  found  in  a  mediseval  building  the  hard  well-chiseUed  corner-stones  still 
retaining  the  tool-marks,  and  concluded  therefrom  that  the  intervening  centuries 
had  produced  no  change  upon  the  exterior  of  the  walls.  Tet,  a  little  further 
inspection  would  show  that  the  tool-marks  were  only  visible  on  the  comer-stones, 
where  the  hardest  freestone  had  been  selected,  while  the  rest  of  the  wall,  con- 
structed of  less  carefully  chosen  materials,  showed  in  many  places  courses  of 
stone  wholly  rotted  out,  crumbling  mortar,  and  genend  decay. 

y,  Subaerial  Denudation  as  affected  by  Subterranean  Movements  of 

Upheayal  or  Depression. 

The  rate  at  which  the  yarious  denuding  agents  have  worked  would 
often  be  affected  in  past  time  by  elevation  or  depression  of  the  land. 
An  increase  in  the  mean  height  of  any  mass  of  land  would^  in  most 
cases,  augment  the  annual  fall  of  rain  or  snow,  and  likewise  the  slope 
of  the  rivers  descending  from  the  area  of  greatest  elevation.  There 
would  then  be  more  rain  to  wash  the  country,  and  the  rivers,  by  their 
increased  velocity,  would  have  an  augmented  erosive  power.  Upheaval, 
therefore,  is  favourable  to  subaerial  denudation. 

On  the  other  hand,  when  the  general  level  of  a  mass  of  land  is 
lowered,  the  annual  precipitation  upon  its  surface  tends  to  decrease. 
There  are  less  rain  and  smaller  streams  to  act,  and  the  potency  of 
their  action  ib  lessened  by  the  diminished  slope  over  which  they  f  ow. 
Depression,  therefore,  is  thus,  on  the  whole,  unfavourable  to  subaerial 
denudation. 

B,  Marine  Denudation. 

In  what  has  now  been  considered  we  have  had  regard  only  to  that 
portion  of  the  annual  loss  of  land  which  is  evinced  by  the  transport  of 
mineral  substances  by  rivers  into  the  sea.    But  besides  this  portion, 

*  I  hare,  on  a  former  occasion,  caUed  attention  to  the  remarkable  and  increasing  fresh- 
ncfls  ct  the  ioe-maridngs  as  we  approach  the  iMvsent  sea-aiargin,  more  partieularly  among 
the  western  sea-lochs  of  this  country.  {Trant,  6eol.  SociOUugow,  i.  part  S,  p.  170— «o(«. 
See  also  my  SofMry  c/  Seottand,  p.  S28.)  I  regard  this  fact  as  only  explicable  on  the 
admission  that  the  maritime  rodUt  mouUmfUu  have  been  for  bnt  a  0(»npaTaUvely  bile 
period  exposed  directly  to  the  atmosphere. 
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there  is  likewise  removed,  eveiy  year,  a  considerable  amount  of  material 
by  the  waves  that  beat  along  the  margin  of  the  land.     We  find  that 
even  the  most  iron-boimd  shores  yield  to  the  ceasel^s  grinding  of  Uie 
breakers.     The  denudation  is  often  more  marked  along  the  coast-hue 
than  it  is  inland,  and  thus  we  are  apt  to  take  for  granted  that  the  sea 
is  much  the  most  powerful  agent  of  destruction,  and  that  marine 
denudation  is  the  most  important  of  all  the  various  modes  in  which  the 
bulk  of  the  solid  land  is  from  year  to  year  reduced.     Such  an  inference 
is  but  natural  in  a  coimtry  like  our  own.     Here,  islanders  aa  we  are, 
and  familiAr  from  infancy  vdth  the  fury  of  the  breakers  which  beat 
along  our  coast-line,  and  strew  it  with  wrecks,  we  are  prone  to  attribute 
to  the  ocean  the  chief  share  of  the  work  of  wearing  down  the  hmd. 
Yet,  if  we  attentively  consider  the  abrasion  due  directly  to  marine 
action,  we  are  led  to  perceive  that  its  extent  is  comparatively  smalL 
In  what  is  called  marine  denudation,  as  has  already  been  pointed  out, 
the  part  played  by  the  sea  is  mainly  that  of  removing  what  has  already 
been  loosened  and  decomposed  by  atmospheric  agents.     When  these 
decayed  portions  are  carried  away,  a  fresh  surface  is  again  laid  open  to 
subaerial  influences,  to  be  in  turn  reduced  to  fragments,  and  borne 
away  seawards.     Were  it  not,  therefore,  for  the  aid  given  by  rains, 
springs,  frosts,  etc,  the  progress  of  the  waves  would  be  comparatively 
slow.     Yet,  let  us  grant  to  the  action  of  waves  and  tides  all  that  is 
usually  included  under  the  term  Marine  Denudation^  we  shall  still  find 
that  the  sum  total  of  waste  along  the  maigin  of  the  land  must  be 
trifling  compared  with  that  which  is  produced  by  the  meteoric  agentB 
upon  the  interior. 

At  the  outset,  it  is  evident  that  the  extent  of  surface  exposed  to  ^ 
power  of  the  waves  is  very  small  indeed  when  contrasted  with  that 
which  is  under  the  influence  of  atmospheric  waste.  Even  in  an  island 
like  Britain,  the  discrepancy  is  great,  and,  of  course,  in  the  case  of  tiie 
continents,  it  is  infinitely  greater.  In  the  general  degradation  of  the 
land  this  is  an  advantage  in  favour  of  the  subaerial  agents,  which  would 
not  be  coimterbalanced  unless  the  rate  of  waste  by  the  sea  were  many 
thousands  or  miUions  of  times  greater  than  that  of  rains,  frosts,  and 
streams.  But,  in  reality,  no  such  compensation  exists.  In  order  to  see 
this,  it  is  only  necessary  to  place  side  by  side  measurements  of  tl^ 
amount  of  work  actually  performed  by  the  two  classes  of  agents.  Let 
us  suppose,  for  instance,  that  the  sea  eats  away  a  continent  at  the  rate 
of  ten  feet  in  a  century — an  estimate  which  probably  attributes  to  the 
waves  a  much  higher  rate  of  erosion  than  can,  as  the  average,  be 
claimed  for  them.*     Then  a  slice  of  about  a  mile  in  breadth  will 

*  Itmay  be  ol^eoted  that  this  rate  is  ftur  below  that  of  parts  of  the  east  coast  of  Eki^aad, 
where  the  hmd  sometimes  loses  three  or  four  yards  in  one  year.  But,  on  the  oUter  IhdmI, 
along  the  rocky  western  coast,  the  loss  is  probably  not  so  much  as  one  foot  in  a  centuy. 
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requiie  about  52,800  yean  for  its  demolition,  ten  miles  will  be  eaten 
away  in  528,000  years,  one  hundred  miles  in  5,280,000  yeiors.  Now 
we  have  already  seen  that,  on  a  moderate  computation,  the  land  loses 
about  a  foot  from  its  general  surface  in  6000  years,  and  that  at  this 
rate  of  subaerial  denudation,  the  continent  of  Europe  would  be  worn 
away  in  about  8,000,000  years.  Hence,  before  the  sea,  advancing  at 
the  rate  of  ten  feet  in  a  century,  could  pare  off  more  than  a  mere 
marginal  strip  of  land,  about  150  miles  in  breadth,  the  whole  land 
would  be  wadied  into  the  ocean  by  atmospheric  denudation.  * 

Influence  of  upheaTsl  and  depression. — Such  results  as  these  would 
necessarily  be  produced  if  no  disturbance  took  place  in  the  relative 
levels  of  sea  and  land.  But  in  estimating  the  amount  of  influence  to 
be  attributed  to  each  of  the  denuding  agents  in  past  times,  we  require 
to  take  into  account  the  complicated  effects  which  would  arise  from  the 
upheaval  or  depression  of  the  earth's  crust  If  frequent  risings  of  the 
Umd  or  elevations  of  the  sea-floor  into  land  had  not  taken  place  in  the 
geological  past,  there  could  have  been  no  great  thickness  of  stratified 
rocks  formed,  for  the  first  continents  must  soon  have  been  washed 
away.  But  the  great  depth  of  the  stratified  part  of  the  earth's  crust, 
and  the  abundant  breaks  and  unconformities  among  these  sedimentary 
masses,  show  how  constantly  the  waste  of  the  land  was  compensated  by 
the  result  of  elevatory  movements. 

When  a  mass  of  land  is  raised  to  a  higher  level  above  the  sea,  a 
larger  surface  is  exposed  to  denudation.  We  have  already  seen  that,  as 
a  rule,  a  greater  rainfall  is  the  result,  and  consequently  also  a  more 
active  waste  of  the  surface  by  subaerial  agents.  It  is  true  that  a  greater 
extent  of  coast-line  is  likewise  exposed  to  the  action  of  the  waves,  but 
a  little  reflection  will  show  that  this  increase  will  not,  on  the  whole, 
bring  vdth  it  a  proportionate  increase  in  the  amount  of  marine  denuda- 
tion. For,  as  the  land  rises,  the  cliffs  are  removed  from  the  reach  of  the 
breakers,  and  a  more  sloping  beach  is  produced  on  which  the  sea  cannot 
act  with  the  same  potency  as  when  it  beats  against  a  cliff-line.  More- 
over, as  the  sea-floor  approaches  nearer  to  the  surface  of  the  water,  it  is 
the  former  detritus,  washed  off  the  land  and  deposited  under  the  sea, 
which  comes  within  the  reach  of  the  currents  and  waves.  This  serves, 
in  some  measure,  as  a  protection  to  the  solid  rock  below,  and  must  be 
cut  away  by  the  ocean  before  that  rock  can  be  exposed  anew.  While, 
therefore,  elevatory  movements  tend  on  the  whole  to  accelerate  the 
action  of  subaerial  denudation,  they  serve  to  check  the  natural  and 
ordinary  influence  of  the  sea  in  wasting  the  land.  Again,  the  influence 
of  movements  of  depression  will  probably  be  found  to  tend  in  an 
opposite  direction.  The  lowering  of  the  general  level  of  the  land,  while 
helping,  as  a  rule,  to  lessen  the  rainfall,  and  consequently  the  rate  of 

*  See  CroU,  PJUX.  Mag.,  May  1S68. 
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snbaerial  denudation,  will  at  the  same  time  aid  the  action  of  the  waves 
by  removing  tinder  their  level  the  detritUB  produced  by  them  and 
heaped  up  on  the  beach,  and  by  thus  bringing  constantly  within  reach 
of  the  sea  fresh  portions  of  the  land-surface.  But  even  with  these  ad- 
vantages in  &vour  of  marine  denudation,  the  balance  of  power  will 
probably,  on  the  whole,  remain  always  on  the  side  of  the  subaerial 
agents. 

There  is  probably  but  little  erosion  carried  on  by  the  sea  except 
where  breakers  can  act,  that  is  along  the  line  whero  sea  and  land  meet 
The  ultimate  tendency  of  the  erosive  action  of  the  waves  is  to  reduce 
the  land  to  a  level  under  the  sea.  While  this  process  is  in  progress 
many  inequalities  must  necessarily  be  produced,  owing  to  variations  in 
the  power  of  resistance  of  the  rocks,  the  set  of  tides,  currents,  etc 
Hence  arise  bays  and  promontories,  peninsulas  and  islands,  with  all 
those  varieties  of  contour  with  which  we  are  so  familiar  along  the  sea- 
board of  our  country.  But  these  irregularities,  if  long  enough  exposed 
to  denudation,  are  in  the  end  planed  down  to  a  tolerably  uniform  8ur> 
face  under  the  sea-leveL  Thus,  while  subaerial  denudation  tends  to 
cut  down  the  land  into  valleys,  marine  denudation  labours  to  reduce 
the  land  to  a  great  submarine  plain. 

IL  The  Results  of  Denttdatiok. 

We  have  now  to  consider  the  more  imi>ortant  of  the  general  results 
brought  about  upon  the  surface  of  the  land  by  the  action  of  the  various 
forces  of  denudation.  They  may  be  conveniently  treated  under  three 
heads  : — a.  Proofa  of  the  removal  of  a  great  thickness  of  rock  from  the 
general  surface  of  a  coimtiy.  fi,  Subaerial  denudation  gives  rise  to 
valley-systems  and  hills,  y.  Marine  denudation  tends  to  form  plains. 
In  the  next  chapter  we  shall  consider  the  combined  influence  of  sub- 
terranean and  surface  movements  in  producing  the  present  configuration 
of  the  land. 

a.  Froofb  of  the  Bemoval  of  a  Oreat  Thickness  of  Book  jQroni 

the  General  8urfiBU)e  of  a  Country. 

There  is  probably  no  large  region  of  the  globe  which  does  not  show 
evidence  of  extensive  denudation.  In  most  countries  it  is  easy  to  prove 
that  the  present  surface  has  been  produced  by  the  removal  of  a  great 
thickness  of  solid  rock,  by  which  it  was  originally  covered.  The  proof 
is  farmshed  by  the  geological  structure  of  each  district,  and  though  of 
great  simplici^,  requires  an  acquaintance  with  some  of  the  elementary 
prindples  of  geology  for  its  proper  comprehension. 

1 .  When,  in  a  district  composed  of  horizontal  or  gently  inclined  strata, 
we  find  wide  valleys,  along  the  sides  of  which  the  edges  of  the  strata  are 
seen  rising  one  over  another,  and  also  detached  hiUs  formed  of  the  same 
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6trat&,  but  widely  separated  from  the  main  mass  of  them,  we  readily 

perceive  that  a  great  body  of  rock  has  been  removed.     In  Fig.  134^  for 

example,  thebeds  which 

abntagainstthe  sky-line  ^Z^I::^  b 

along  the  escarpment  A, 

have  evidently  at  one 

time  been  prolonged  to 

the  right,  so  as  to  join 

with  those  of  the  out-  Fig.  iM. 

lier  B,  and  extend  still  BwanMncnt  M»d  OntUer. 

farther  beyond  D.  This  abrupt  truncation  of  strata  by  the  present  surfeu^e 

is  a  proof  of  denudation.  The  excavation  of  the  valley  C,  the  isolation  of 

the  hill  By  and  the  formation  of  the  low  country  stretdiing  to  the  right 

of  Dy  are  the  work  of  denuding  agents,  acting  upon  the  gently  inclined 

strata  1,  2,  3,  4,  etc    Many  admirable  illustrations  of  this  simplest 

evidence  of  denudation  are  furnished  by  the  escarpments  of  the  secondary 

and  tertiary  formations  of  the  centre  and  south  of  England. 

2.  But  even  if  there  are  no  valleys  or  outliers,  the  mere  fact  of  the 
strata  cropping  to  the  surface  is  evidence  of  denudation.  In  Fig.  134, 
the  truncation  of  beds  5  and  6  by  the  surface  of  the  valley  0,  is  proof 
that  they  have  been  denuded.  If  the  escarpment  and  outlier  had  been 
worn  away,  and  the  surface  of  the  valley  C  had  extended  over  their  site, 
the  appearance  of  the  successive  outcrops  of  the  beds  would  have  been, 
to  a  geological  eye,  as  satisfeu^ry  proof  of  the  reality  and  amount  of 
denudation  as  if  the  escarpment  and  outlier  had  remained.  Nay,  more, 
these  outcrops  along  a  level  or  rolling  surface  would  have  in  reality 
proved  a  greater  amount  of  denudation  than  the  escarpment  and  outlier 
do,  for  by  protracting  the  angles  of  inclination  of  the  strata,  we  learn 
that  the  latter  must  once  have  risen  high  above  the  present  surface. 
This  kind  of  evidence  is  sometimes  singularly  striking  in  a  country 
where  the  dip  of  the  rocks  is  more  highly  inclined.  In  Fig.  42  (p.  188) 
the  strata  which  rise  to  the  surface  at  angles  varying  from  35^  to  50^ 
must  have  extended  much  farther  upward  than  they  do  now,  though 
they  furnish  us  with  no  means  of  ascertaining  how  far  they  did  extend. 

3.  But  in  cases  where  the  strata  are  not  only  inclined  but  thrown 
into  folds,  we  obtain  evidence  of  at  least  the  miuimum  amount  of 
denudation.  This  will  be  imderstood  at  a  glance  if  the  reader  will  turn 
back  to  Fig.  47  (p.  193).  The  anticlinsd  axis  A,  and  the  synclinal 
trough  B,  have  there  been  both  planed  down  to  form,  the  present  sur- 
face, the  dotted  lines  above  that  surface  representing  a  portion  of  the 
mass  which  has  been  removed.  Now,  if  the  thickness  of  strata  between 
beds  7  and  11  be,  say  1000  feet,  then  there  must  have  been  at  least 
1000  feet  of  rock  worn  away  from  the  top  of  the  fold  A.  This  would 
be  the  minimum  amount^  but  in  reality  the  total  quantity  of  rock 
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removed  would  be  mnch  greater,  for  the  beds  above  No.  11,  now  fotmd 
on  each  side  of  the  antidinal  axis,  once  covered  it,  and  have  since  been 
denuded.  Again,  in  Fig.  84  (p.  222),  an  illustration  is  given  of  the 
way  in  which  an  approximate  estimate  may  be  formed  of  tiie  extent  to 
which  a  country  has  suffered  denudation.  If  we  ascertained  by  measure- 
ment that  the  slates  between  the  highest  and  the  lowest  conglomerate  in 
that  diagram  were  5000  feet  thick,  it  would  be  evident  that,  from  the 
top  of  the  anticlinal  fold,  a  depth  of  rock  of  more  than  that  amount 
must  have  been  removed.  Many  instructive  sections  of  this  kind  may 
be  found  in  the  writings  of  Professor  Ramsay.  *  He  shows  that  in  Bonik 
Wales  a  thickness  of  in  some  places  as  much  as  at  least  11,000  feet  of 
rock  has  been  removed  from  what  is  now  the  surface  of  the  country. 

A  remarkable  fact  has  been  frequently  noticed  in  districts  where 
the  rocks  are  much  folded,  namely,  that  the  present  surface  bears  no 
relation  to  the  folds,  but  has  been  worn  across  them.  Hence  a  level 
or  gently  undulating  tract  of  ground  often  lies  upon  rocks  that  have 
been  folded,  and  even  violently  contorted.  This  can  only  be  explained 
by  the  working  of  denudation.  Wales,  as  Professor  Ramsay  long 
ago  showed,  affords  many  characteristic  examples.  The  great  Car- 
boniferous plain  of  Ireland  also  illustrates  the  way  in  which  a  level 
surface  may  be  worn  out  of  tilted  and  convoluted  rocks  (Fig.  135). 


Pig.  135. 
Representing  general  stmctnre  of  central  plains  of  Ireland,  formed  of  ondalatSng  beds 
of  the  lower  part  of  the  Carboniferons  limestone,  covered  here  and  there  with  Umestcne 
gravel.    (Jnkes.) 

The  rocks  on  which  that  plain  lies  consist  chiefly  of  beds  of  the  lower 
part  of  the  Carboniferous  limestone,  fix)m  which  the  Coal-measures  and 
upper  parts  of  the  limestone  have  been  removed  ;  a  general  thickness 
of  2000  or  3000  feet  at  least,  perhaps  even  5000  or  6000  feet  of  rock, 
being  thus  lost       In  the  south  of  Ireland  the  denudation  is  made 


Pig.  136. 
Escarpment  A'and  OntUer  B  of  Irish  Coal-measores,  overlooking  plain  of 

CarboniferoQS  limestone.    (Jokes.) 

more  apparent  by  the  occasional  preservation  of  fragments  of  the  sheet 

of  Coal-measures  which  formerly  covered  the  country  (Fig.  136).    The 

*  See  his  paper  **  On  the  Denudation  of  South  Wales,"  Mem,  G«oL  Surv.,  ToL  L :  also 
his  "  Memoir  on  the  Geology  of  North  Wales/'  Op.  eU.,  vol.  ilL 
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low  lands  of  Wexfoid  and  other  parts  of  the  island  are  underlaid  in 
like  manner  by  highly  inclined  and  often  contorted  Lower  Silnrian  and 
Cambrian  rocks.  In  Scotland  the  broad  uplands  of  the  southern  counties 
lie  upon  similar  rocks,  while  the  Highlands  afford  many  striking  examples 
of  the  denudation  of  vast  anticlinal  and  synclinal  folds.* 

What  is  true  of  the  British  Islands  is  equally  so  of  the  rest  of  the 
world.  Everywhere  we  fin^  that  plicated  rocks  have  been  worn  down 
until  no  trace  of  the  foldings  is  retained  by  the  present  form  of  the 
ground.  In  Scandinavia,  the  great  table-land  out  of  which  the  western 
Qords  have  been  cut,  consists  of  crumpled  and  inclined  metamorphic 
rocks.  The  greater  part  of  Canada  lies  upon  folded  and  contorted 
palseozoic  strata.  A  great  proportion  of  the  United  States  is  underlaid  by 
folded  rocks,  which  sometimes,  as  in  the  Appalachian  chain,  have  been 
bent  into  the  most  remarkable  plications  and  enormously  denuded,  t 

(4.)  Perhaps,  to  a  geological  eye,  the  most  striking  evidence  of  all 
as  to  the  extent  to  which  the  general  surface  of  a  countiy  has  been 
lowered  by  denudation,  is  furnished  by  the  way  in  which  all  superficial 
indication  of  large  dislocations  has  been  ef^Etced.  It  ia  not  uncommon 
to  meet  with  a  fault  where  the  strata  on  the  one  side  have  been  elevated 
or  depressed  600  or  600  feet  above  or  below  those  on  the  other ;  but  it  is 
rare  to  find  any  effect  of  such  a  dislocation  on  the  surface  of  the  ground. 
In  our  coal-fields,  where,  from  the  much  more  detailed  examination  which 
they  receive,  faults  are  observed  in  greatest  abundance,  we  sometimes 
find  a  district  which,  from  the  mining-plans,  is  seen  to  be  a  net-work  of 
faults,  of  all  sizes,  up  to  a  hundred  fathoms  or  more,  yet  shows  at  the  sur- 
face only  a  level  stretch  of  corn-fields  and  meadows.  In  all  these  instances 
there  can  be  no  doubt  that  a  great  thickness  of  rock  has  been  removed. 

In  the  south  of  Ireland  a  remarkable  Ulnatration  ia  afforded  by  the  Slievena- 
ninck  faidt,  near  Tipperarj.^I   This  great  dislocation  has  a  throw  of  not  less  than 

R  SUeitnamucK  -R 


Fig.  1S7. 

Section  showing  the  SUevenamuok  fault,  near  Tipperaiy. 

Cm.  Coal-measures.  O.  R  8.  Old  Bed  Sandstone. 

C.  L.  Carboniferous  Limestone.  B.  Silurian  Books. 

4000  feet»  seeing  that  it  brings  down  the  Coal-measures  against  the  Silurian  rocks 
(Fig.  187). 

•  See  M urcUson  and  Oeikie,  ^Morl  /(mm.  OtoL  Soe.,  roL  xrlL  p.  171 ;  and  Scenery  of 
ScoOamd,  chap.  t. 

t  See  the  seetioiis  In  Boger^sPeiinsyliNMii<m  SwrMy,  also  in  his  Map  of  America,  In  Keith 
Johnston's  PhvaUxd  AtUu. 

t  This  description  was  given  by  Mr.  Jukes  in  last  edition  of  this  Work,  from  which  also 
Vigs.  185  and  186  are  taken:  The  geological  features  he  describes  may  be  found  traced  by 
him  on  his  (hcHogioai  Map  ^IrtJand,  published  by  Stanford. 
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The  Coal-meafiores  here  are  ahont  800  feet  thick,  and  rest  on  Carlxmiferons 
limestone,  of  which  nomeroue  beds  crop  out  towards  the  north,  making  a  total 
thickness  apparently  of  not  much  less  than  8000  feet.  From  underneath  this 
limestone  certain  beds  of  sandstone,  called  Old  Red  Sandstone,  crop  to  tiie  north, 
forming  a  low  hill,  which  may  be  caUed  the  Emly  Ridge.  The  thidmess  of  this 
Old  R^  Sandstone  is  not  there  determinable.  In  the  country  to  the  south,  bow^ 
ever,  we  get  the  same  Carboniferous  limestone  in  the  vale  <^  Aherlow,  wiUi  tiie 
same  Old  Red  Sandstone  rising  Arom  underneath  it,  and  forming  a  hill  called 
Slievenamuck,  1200  feet  high.  In  this  hill  its  beds  are  well  seen,  nearly  &om 
top  to  bottom,  and  their  total  thickness  cannot  be  less  than  1000  feet  Moreover, 
on  the  ncMrthem  slope  of  this  hill,  the  bottom  beds  of  the  Old  Red  Sandstone  are 
exposed,  and  may  be  observed  to  rest  on  the  uptilted  and  previously  denuded 
edges  of  certain  slates  and  grits  which  are  of  much  greater  geological  age,  and 
probably  belong  to  the  formation  known  as  Lower  Silurian,  and  some  thickness  of 
these  is  shown  on  the  face  of  the  hilL  But  on  descending  the  hiU,  a  little  lower, 
we  come  suddenly  on  to  the  Coal-measures  dipping  at  a  gentie  angle  to  the  south, 
and  abutting  directly  against  the  Lower  Silurian  rocks.  This  proves  that  there 
is  a  fault  there,  with  a  down-throw  to  the  N.,  equal  to  the  whole  amount  of  the 
thickness  of  the  ipcks  above  mentioned,  namely,  1000  feet  of  Old  Bed  Sandstone^ 
8000  feet  of  Carboniferous  Limestone,  and  800  feet  of  Coal-measures,  or,  taking  a 
minimum,  4000  feet*  This  section,  when  examined  in  connection  with  the  snr- 
rounding  district,  is  a  very  instructive  one.    We  may  leam  from  it — 

Ist,  That  the  rocks  called  Lower  Silurian  were  greatly  disturbed  and  denuded, 
so  as  to  have  a  surface  formed  across  the  edges  of  their  beds  before  any  other  rock 
was  deposited  upon  them. 

2dljf,  That  upon  the  surface  so  formed  the  series  of  sandstones  called  the  Old 
Red  Sandstone  were  deposited  horizontally,  and  without  any  disturbance,  and  that 
the  whole  of  the  Carboniferous  limestone  and  the  Coal-measures  w^e  slmilariy 
accumulated  over  the  Old  Red  Sandstone,  in  regular  unbroken  order,  by  paralld 
or  '*  conformable  '*  deposition,  so  as  to  make  a  thickness  of  horizontal  beds  at  least 
equal  to  4000  feet 

8cUy .  That  subsequently  to  the  deposition  of  the  last  of  these  beds  disturbance 
took  place,  the  rocks  were  lifted  up,  tilted  and  broken  through,  and  that  disloca- 
tion took  place  to  the  amount  just  stated. 

ithly.  At  the  time  that  tills  dislocation  took  place  the  Coat-measures  must 
certainly  have  existed  generally  over  the  surface,  or  the  dislocation  would  not  have 
brought  down  beds  belonging  to  them — a  conclusion  confirmed  by  the  occurrence 
of  oti^er  isolated  patches  of  Coal-measures  still  existing  all  round  the  district  at 
the  distance  of  a  few  miles  from  this  spot 

bthly.  Since  the  disturbance  of  the  country  denudation  has  removed  all  tiie 
Coal-measures  from  off  the  district  except  the  patches  mentioned  above,  and, 
moreover,  has  removed  large  portions  of  the  upper  part  of  the  Carboniferous 
limestone,  since  the  lower  beds  of  that  formation  now  appear  at  the  surface  in  the 
greater  part  of  the  neighbourhood.  But  it  has  done  more  than  that,  for  in  those 
spots  where  the  Old  Red  Sandstone  now  forms  the  surfece  rock,  not  only  tiie 
whole  of  the  Coal-measures  but  the  whole  of  the  limestone  must  have  been 
removed,  and,  moreover,  it  has  cut  deeply  into  the  Old  Red  Sandstone,  and  in 
some  places  right  through  even  that,  and  swept  it  clear  away,  so  as  to  re-^xpose 
the  old  denuded  surface  of  the  Lower  Silurian  rocks,  on  which  the  Old  Red  Sand- 
stone was  deposited,  and  has  even  gone  yet  further  still,  for  this  more  recent 
denudation  has  in  some  adjacent  loc^ties,  especially  along  the  northern  slope  of 
the  Galty  mountains,  which  lie  south  of  the  vale  of  Aherlow,  eaten  down  so  as  to 

«  See  Sheet  tf  of  the  Horizontal  Sections,  and  Explsnation  of  Sheet  154  of  the  Maps  of 
the  GooL  Survey  of  Ii^elaad  by  Mr.  J.  O'Kelly. 
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wekr  deep  hollows  and  yallejs  mto  the  Lower  Bilurian  rooks  themselves,  several 
hundred  feet  below  that  surface  on  which  the  Old  Bed  Sandstone  was  deixnited. 

But  the  conclusions  deduced  from  the  examination  of  the  structure  of  this  part 
of  Tipperary  may  be  extended  to  the  whole  of  Ireland,  over  the  greater  part  of 
which  the  above-named  formations  are  to  be  found  undulating  above  and  below 
tiie  present  surface  of  the  ground,  the  Coal-measures  coming  in  generally  as  high 
land,  resting  in  a  basin  of  the  Carboniferous  limestone,  as  at  B,  Fig.  136,  and  the 
Old  Red  Sandstone  and  Silurian  rocks  rising  out  firom  underneath  the  limestone 
often  into  hills  still  loftier  than  the  highest  parts  of  the  Coal-measures,  and  com- 
monly causing  great  anticlinal  curves  in  the  Old  Bed  Sandstone.  The  Comme- 
ragfas,  the  Enockmealdowns,  the  Qaltees,  the  Slievebloom,  the  Keeper  group,  and 
the  Idgher  mountains  of  Kerry  and  Cork  generally,  all  come  within  the  latter 
class.     Fig.  188  is  a  diagrammatic  section  running  from  W.  to  £.  across  the 


Fig.  138. 
'  Diagrammatic  section  aorosa  the  Devil's  Bit  Mountain. 
C.  L.  carboniferous  Limestone. 

O.  R  8.  Old  Bed  Sandstone,  Its  denuded  part  being  shown  by  the  dotted  lines. 
8.  Loww  Bilnrian  rooks. 

**  Bevn's  Bit  range,"  a  part  of  the  Keeper  group  where  the  original  anticlinal  form 
of  the  Old  Bed  Sandstone  is  proved  by  a  small  capping  of  It  Icdft  on  the  summit  of 
the  hilL*  Farther  south  and  south-west  of  this  point  the  Old  Bed  Sandstone  is 
mnch  thicker,  and  has  not  therefore  been  so  often  worn  through  by  the  denuda- 
tion as  in  the  Keeper  and  Galty  groups. 

p.  Bubaerial  Denudation  gives  rise  to  Valleys  and  Hills. 

If  the  present  action  of  air,  rain,  springs,  rivers,  and  ice,  is  their 
normal  one,  and  we  haye  no  evidence  that  it  is  not,  then,  since  that 
action  is  greatest  along  the  lines  whereby  the  drainage  is  returned  to 
the  sea,  its  general  effect  upon  the  land  must  necessarily  be  to  carve 
out  systems  of  valleys.  If  we  reflect  adequately  upon  the  mass  of 
debris  which  eveiy  river  annually  removes  from  its  basin  and  carries 
out  to  sea,  we  are  led  to  realise  the  truth  of  Button's  doctrine,  that 
^  the  great  system  upon  the  surfiEu^  of  this  earth  is  that  of  valleys  and 
rivers ;  and  that,  however  this  system  shall  be  interrupted  and  occa- 
sionally destroyed,  it  would  necessarily  be  again  formed  in  time  while 
the  earth  continued  above  the  level  of  the  sea.'^t  Subterranean  move* 
ments  may,  in  any  particular  instance,  have  aided  the  operation  of  the 
meteoric  forces.  But  this  co-operation  is  not  absolutely  necessary.  Were 

*  See  Mr.  A.  B.  Wynnes'  description  of  this  district  in  the  Explanations  of  Sheets  186 
and  146  ot  the  OeoL  Sorvey  of  Ireland, 
t  Theory  (^(ke  Barlk,  vol.  it  p.  688. 
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a  mass  of  land,  without  a  siiigle  yalley,  but  with  a  smooth  surface  slojniig 
gentlj  seaward  from  its  central  portion,  to  be  elevated  above  the  ocean, 
and  exposed  to  the  atmospheric  agents  of  denudation,  a  system  of 
watercourses  and  valleys  would  certainly  be  excavated.*  Nor,  as  we 
have  abeady  seen,  would  a  long  series  of  geological  periods  be  necessarj 
for  such  a  result  At  the  present  rate  of  erosion,  valleys  800  fe^ 
deep  might  be  carved  out  in  a  million  years. 

If,  on  the  other  hand,  a  portion  of  the  earth's  crust,  crumpled  and 
fractured  in  the  extremest  degree,  were  ndsed  above  the  sea,  it  would  at 
once  begin  to  yield  to  denudation.  Unless  its  upheaval  were  too  rapid, 
it  would,  as  it  rose,  be  battered  and  worn  down  by  the  sea.  Its  Buihce 
would  crumble  away,  and  the  original  features,  due  to  subterranean 
movements,  would  gradually  disappear.  These  features  would  doubt- 
less, at  first,  greatly  affect  the  lines  of  drainage,  and  their  influence 
would  continue  to  be  traceable  until  it  waned  and  disappeared  along 
with  the  features  themselves ;  and,  as  Hutton  showed,  the  normal 
system  of  valleys  of  erosion  would  necessarily  be  restored. 

While  the  obvious  and  direct  effect  of  subaerial  denudation  is  to 
give  rise  to  valleys,  it  is  evident  that,  as  the  valleys  become  widened 
and  deepened,  the  ground  between  them  will  be  Ic^  standing  out  as 
ridges  and  hills.  The  form  of  these  less  denuded  portions  of  the  land- 
surface  must  be  subject  to  infinite  variety,  according  to  the  position  of 
the  valleys,  the  hardness  or  softness,  and  the  varying  geological  struo- 
ture  and  grouping  of  the  rocks.  But  these  varieties  ought  not  to  oonoeal 
from  us  the  ^damental  fact  that  the  hills  exist,  because  the  valleys 
have  been  carved  out  of  them.  The  very  varieties  of  form,  as  we  shall 
see  in  the  next  chapter,  are  themselves  in  great  measure  brought  out 
only  in  the  course  of  denudation. 

y.  Marine  Denudation  produoes  Plains  and  Table-lands. 

If  the  various  destructive  elements  have  acted  upon  the  surCebce  of 
the  land  in  past  time  with  any  approach  to  the  proportions  in  which 
they  are  acting  now,  it  seems  to  be  dear,  from  the  various  considerations 
which  have  now  been  adduced,  that  the  sea  can  have  played  but  a 
secondary  part  in  modelling  the  outlines  of  a  continent.  It  may,  per- 
haps, be  objected  to  this  conclusion,  that  the  traces  of  wide  level  tracts, 
known  as  plains  of  marine  denudation,  so  commonly  to  be  met  with 
over  the  earth's  surface,  can  only  be  attributed  to  sea-action,  and  must 
prove  the  sea  to  have  had  no  small  share  in  the  general  task  of  planing 
down  the  land.  These  plains  are,  indeed,  in  all  probability,  referable 
to  the  action  of  the  sea  ;  but  if  we  reflect  upon  the  tendency  of  atmo- 
spheric waste,  we  must  perceive  that  such  plains  are  the  natural  and 

*  See  the  passage  in  Playftdr's  lUustrations,  sec.  99. 
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necessaiy  result  of  that  waste.  In  short,  ^*  a  plain  of  marine  denuda- 
tion "  is  that  sea-level  to  which  a  mass  of  land  has  been  reduced  mainly 
by  the  subaerial  forces;  the  line  below  which  further  degradation  became 
impossible,  because  the  land  was  thereafter  protected  by  being  covered 
by  the  sea.  Undoubtedly  the  last  touches  in  the  long  process  of  sculp- 
turing were  given  by  the  waves  and  currents,  and  the  surfiEu^  of  the 
plain  corresponds  with  the  lower  limit  of  the  action  of  these  forces. 
Yet  I  cannot  but  believe  that  in  the  past  history  of  our  planet  the  in- 
fluence of  the  ocean  has  been  far  more  conservative  than  destructive. 
Beneath  the  reach  of  the  waves,  the  surface  of  the  abraded  land  has 
escaped  the  demolition  which  sooner  or  later  overtakes  all  that  rises 
above  them ;  and  there,  too,  in  those  submarine  depths,  the  sedi- 
mentary materials  have  accumulated,  out  of  which  the  existing 
continents  have  been  framed. 

i.  Deaudation  as  a  Meaenre  of  Time. 

In  the  foregoing  pages  denudation  has  been  treated  as  a  process 
now  advancing  before  us,  and  producing  certain  measurable  results. 
What  is  happening  now  has  happened  also  in  the  past  We  cannot 
pursue  geological  history  for  even  a  short  way  backward,  without  en- 
countering on  eyeiy  side  proofs  of  continued  and  enormous  denudation. 
We  see  that  in  the  past  results  have  been  effected  exactly  similar  to 
those  which  are  accomplished  at  the  present  time,  and  we  infer,  with 
confidence,  that  the  similarity  of  result  indicates  an  identity  of  cause — 
that  the  agents  which  are  denuding  the  surfEU^  of  the  earth  to-day 
are  the  same  as  those  which  have  denuded  it  in  former  ages.  It  is  not 
necessary,  however,  to  assume,  as  is  too  often  done  by  modem  geologists, 
that  the  present  rate  of  change  has  always  been  uniform,  and  must  be 
taken  as  the  measure  for  all  past  and  all  future  time.  Though  we  have 
good  reason  to  believe  that  denudation  in  the  past  has  been  the  result 
of  the  same  agencies  by  which  it  is  still  produced,  we  are  not  warranted 
to  conclude  that  these  agencies  have  always  acted  in  precisely  the  same 
proportion  and  at  exactly  the  same  rate.  The  present  svstem  may,  in- 
deed, represent  a  fair  average,  as  it  is  certainly  the  only  one  on  which 
we  can  safely  base  any  speculations  r^;arding  the  past  changes  of  the 
earth's  surfalce.  But  we  must  not  dogmatically  assimie  that  no  other 
rate  of  change  could  have  been  possible,  or  that  uniformity  of  causation, 
as  measured  by  human  experience,  is  an  established  truth.  The  circle 
of  that  experience  is  still  too  narrow  to  justify  such  assumptions.  Only 
within  the  last  few  years  Mr.  Croll  has  taught  us  how  materially  the 
changes  in  progress  upon  the  surface  of  the  earth  may  be  modified  by 
fjownical  causes,  which  recur  at  certain  definite  intervals.*    And  there 

*  See  PML  Mag.  for  August  1804  :->the  first  of  a  remarkable  series  of  papers,  In  which 
astronomical  data  are  brought  into  the  service  of  geology. 
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may  remain  other  mflnences  to  be  discoyered  which  have  told  upon 
the  mutations  of  our  planet's  surface,  and  which,  therefore,  will  need 
to  be  taken  into  account  by  the  philosophical  geologist 

But  though  we  are  not  at  liberty  to  assert  that  the  present  rate  of 
change  upon  the  earth's  surface  has  been  on  the  whole  uniform  from 
the  earliest  geological  times,  nevertheless,  as  it  is  the  only  rate  of  which 
we  have  any  actual  experience,  and  as  it  accOTds  with  all  evidence  of 
changes  in  the  geological  past,  we  seem  to  be  warranted  in  the  mean- 
time in  aHsnming  it  as  an  average.  If  the  rate  has  varied,  and  most 
probably  it  has  done  so,  there  is  some  reason  to  suppose  that  the 
variations  have,  on  the  whole,  tended  rather  to  the  increase  of  denuda- 
tion ;  or,  in  other  words,  that  the  jn^sent  rate,  if  not  an  average,  is 
rather  below  the  mean  than  above  it  In  taking  the  existing  rate, 
therefore,  as  an  average  from  which  to  speculate  upon  past  changes,  we 
shall  not  be  likely  to  exaggerate  the  results. 

When  we  calmly  look  at  what  the  various  denuding  forces  are  now 
doing,  and  when  we  tiy  to  gain  a  vivid  idea  of  the  loss  of  land  by 
measuring  the  amount  of  material  which  is  annually  removed  from 
land-surfaces,  we  cannot  but  be  struck  by  the  unexpected  rapidity  of 
the  process.  Denudation  is  commonly  appealed  to  as  one  of  the 
geological  phenomena,  which,  as  measured  by  results,  best  attest  the 
enormous  duration  of  geological  periods.  And  this  conclusion  is  based 
upon  the  idea  that  the  present  rate  of  denudation  is  inconceivably 
slow.  Yet,  as  we  have  seen  in  the  previous  pages,  the  rate  of  waste 
actually  in  progress  would,  in  a  few  millions  of  years,  suffice  for  the 
washing  away  of  all  the  solid  land  on  the  hce  of  the  globe.  The  pro- 
portions already  given  for  the  rate  of  waste  among  the  different  agents 
of  denudation,  and  in  different  areas  of  tiie  globe,  may  be  modified, 
but  the  general  result  will  doubtiess  remain,  that  modem  denudation  is 
in  reality  a  far  mora  gigantic  and  rapid  process  than  we  have  been  apt 
to  believe,  and  that  our  demands  for  enormous  periods,  in  so  far  as 
based  upon  the  evidence  of  past  denudation,  are  unnecessary. 

Denudation  and  deposition  are  phenomena  inseparably  connected ; 
the  one  is  the  counterpart  of  the  other.  If,  therefore,  all  evidence  from 
living  natura  goes  to  ^ow  that  geologists  have  been  in  error  in  requir- 
ing too  vast  a  time  for  the  removal  of  large  masses  of  solid  rock,  the 
same  evidence  suffices  to  indicate  that  they  must  be  equally  wrong  in 
demanding  enormous  periods  for  the  accumulation  into  stratified  rocks 
of  the  material  so  removed.  The  whole  of  that  chain  of  reasoning 
which,  assuming  the  extremely  slow  rate  of  waste  of  a  land-surface, 
and  the  inconceivable  tardiness  of  the  growth  of  a  thick  mass  <^ 
stratified  deposits,  deduces  therefrom  the  incalculable  duration  of  even 
a  single  geological  period,  seems  to  break  down  when  tested  by  the  iacts 
of  modem  denudation. 
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Recent  researches  in  physics,  as  we  have  already  seen,  go  to  show 
that  the  unlimited  ages  so  often  demanded  by  geologists  cannot  be 
granted.*  It  is  well,  therefore,  to  find  that  these  demands,  in  so  far 
as  questions  of  denudation  are  concerned,  are  really  unnecessary,  that 
even  the  facts  of  the  science  itself  do  not  require  such  exorbitant  drafts 
upon  the  past 

*  See  cmU,  p.  825,  and  ncU.    Thomson,  Trans.  QtoL  Soe.  Okugow,  liL  parts  f.  and  if. 
also  Phillips,  J4/6  on  tJu  Earth,  p.  119 ;  Hanghton's  ManwU  of  Geology,  pp.  82-99. 


CHAPTER   XXVI. 

PHYSIOOBAPHT— ORIOm  OF  THE  BABTH's  SURFACB  OUTUVEa 

The  present  external  configuration  of  land-surfaces  and  the  form  <^ 
the  ocean-bed  are  the  result  of  the  working  together  of  those  undei^ 
ground  and  surface  agents  which  we  have  now  passed  in  review.  It 
remains  in  this  chapter  to  inquire  briefly  wh^t,  in  that  prolonged 
operation,  has  been  the  relative  share  performed  bj  each  of  the  two 
great  classes  of  agents. 

When  the  surfstce  of  the  planet  had  sufGLciently  cooled  to  permit  of 
the  condensation  of  an  ocean,  we  may  believe  that  it  was  already 
marked  with  irregularities,  and  that,  while  the  sea  filled  up  the  depres- 
sions, the  more  important  ridgee  rose  up  as  land.  It  has  been  argued 
that  the  primeval  contour  thus  produced  has  been  ever  since  retained, 
though  modified  by  subsequent  changes — that  the  present  trend  of  our 
continents  is  that  of  the  first  land  that  emerged  from  the  earliest  ocean. 
It  is  possible  that  the  lines  of  elevation  consequent  on  the  early  con- 
tractions of  the  earth's  mass,  may  have  continued  to  be  lines  along 
which  elevatory  movements  took  place  in  after  ages.  But  that  any 
trace  of  the  actual  primitive  mountain-chains  is  now  visible,  may  be 
confidently  denied.  From  what  we  know  of  denudation  in  progress,  it 
is  evident  that  no  land-surface  could  remain  above  water  more  than 
a  few  millions  of  years,  unless  the  wasting  powers  of  the  denuding 
agents  were  compensated  by  elevation  from  below,  and  consequently 
that  no  original  excrescence  on  the  earth's  surface  could  survive.  More- 
over, an  examination  of  the  structure  of  mountain-chains  shows  that, 
even  in  the  oldest  of  them,  the  rocks  of  which  they  chiefly  consist 
were  deposited  as  sediment  on  the  floor  of  the  sea,  and  that  their 
elevation  into  high  land  belongs  to  far  later  geological  periods.  What 
is  thus  true  of  mountain-chains  is  true  also  of  all  land-surfaces.  Tlie 
vast  majority  of  the  rocks  of  which  the  dry  land  is  formed  was  origin- 
ally  deposited  under  the  sea.  Consequently,  the  dry  land  is  due  to 
subsequent  elevation,  and  as  the  sea-formed  rocks  are  of  many  different 
ages,  the  land  has  not  been  produced  by  one  elevation,  but  is  the 
result  of  a  long  series  of  upward  and  downward  movements. 

Our  knowledge  of  the  geological  structure  of  the  globe  is,  perhaps, 
still  too  imperfect  to  warrant  any  detailed  speculations  regarding  1^ 
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history  of  the  movements  by  which  the  present  distribution  of  land  and 
sea  has  been  brought  about  Until  that  knowledge  is  more  complete, 
it  seems  premature  to  generalise  regarding  the  progress  of  the  upheaval 
of  the  continents  and  the  depression  of  the  oceans.  Starting  from  the 
broad  fact  that  our  continents  are  the  result  of  upheaval,  and  our  ocean- 
beds  of  depression,  we  may  more  profitably  at  present  proceed  to  inquire 
what  is  the  nature  of  the  processes  which  have  resulted  in  the  formation 
of  the  heights  and  hollows  of  the  land — our  hills  and  mountains,  valleys 
and  ravines,  lakes  and  plains. 

Many  geologists,  whose  names  have  attained  the  greatest  eminence, 
have  yet  not  sufficiently  distinguished  the  forces  which  have  produced 
the  external  forms  of  the  land,  from  those  which  have  adjusted  its 
internal  materials.  The  rocks  of  which  most  of  our  mountains  are 
formed  have  been  so  obviously  bent  and  broken,  uptilted  and  uplifted 
into  their  present  positions,  by  internal  forces  of  disturbance,  tiiat  it 
has  been  hastily  concluded  that  the  fractures  and  contortions  of  the 
rocks,  the  direction  of  the  slopes  of  the  surface  over  them,  and  the 
forms  of  the  hills  made  of  them,  have  all  had  one  common  origin.  It 
is  often  forgotten  that  if  the  present  surface  slopes  had  been  adjusted 
at  the  same  time  as  the  internal  structure,  they  must  both  have  been  in 
existence  before  that  time.  The  present  surface  of  the  hills,  then,  must 
have  existed  as  a  surface  before  the  hills  were  elevated ;  but,  as  the 
summits  of  the  hills  often  expose  the  most  deeply-seated  rocks,  it  would 
follow  that  the  surface  which  exposed  those  rocks  before  they  were 
raised  into  hiUs  must  have  been  that  of  deep  excavations  or  hollows. 
It  would  also  follow  that  the  movements  of  elevation  which  lifted  the 
rocks  so  as  to  form  hills  acted  chiefly  on  the  areas  which  had  been  thus 
excavated,  so  as  to  invert  them,  like  so  many  glove-fingers,  and  push 
up  the  rock  exposed  in  the  deepest  hollow  till  it  formed  the  loftiest 
eminence.  In  short,  the  hypothesis  necessarily  lands  ns  in  absurdity, 
and  shows  the  necessity  of  distinguishing  between  the  forces  which  gave 
a  position  to  certain  masses  of  rock  on  the  one  hand,  and  those  which 
have  imparted  externa]  form  to  it  on  the  other. 

Most  of  the  misconception  on  this  subject  has  arisen  from  the  nse 
of  exaggerated  diagrams,  and  from  neglecting  to  begin  by  deciphering 
the  true  geological  structure  of  the  ground  before  proceeding  to  reason 
npon  the  history  of  its  external  features.  It  cannot  be  too  early  or  too 
strongly  pressed  upon  the  student  to  accustom  himself  from  the  beginning 
to  draw  his  sections  on  a  true  scale,  vertical  and  horizontal,  and  to  insert 
upon  them  at  first  only  the  evidence  which  he  has  been  able  to  procure 
regarding  the  dip  and  curving  of  the  rocks.  By  this  means  he  will  learn 
more  vividly  and  instructively  than  in  any  other  way  how  completely 
the  present  surface  of  the  ground  is  a  sculptured  surface,  carved  out  by 
denudation,  and  how  little,  as  a  rule,  it  is  affected  by  the  dislocations, 

2  o 
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upheavals,  and  convolntionB  of  the  rocks  underneath  it*  He  will  find 
that  whatever  may  have  been  the  original  effect  of  these  subterranean 
movements  upon  the  surface,  they  have  not  formed  the  existing  sur&oe, 
which  has  been  worn  down  during  the  removal  of  hundreds  or  thou- 
sands of  feet  of  the  fractured  and  crumpled  rocks.  Recognising  that 
subterranean  agencies  have  raised  the  sea-bed  into  diy  land,  and  that 
mountain-chains  are  portions  of  the  land  which  have  been  upheaved 
farther  than  the  lower  grounds,  he  will  yet  come  to  perceive  that  the 
wearing  down  of  the  mountains  to  their  present  form,  the  carving  out 
of  glen,  and  valley,  and  ravine,  the  isolation  of  huge  hills,  the  excava- 
tion of  4p6p  lake^basius,  the  levelling  of  wide  table-lands  and  plains, 
have  all  been  the  work  of  the  sur&ce  agencies  of  denudation. 

It  was  the  profound  and  far-seeing  remark  of  Hutton,  that  the  great 
central  feature  and  key  to  the  history  of  a  land-surface  is  its  system  of 
valleys.  In  the  following  pages,  therefore,  we  shall  examine  the 
structure  and  origin  of — 1.  Valleys,  with  their  subordinate  features, 
as  ravines,  passes,  and  lakes  ;  2.  Plains  and  table-lands ;  3.  Mountains 
and  hills. 

1.  Vallets. 

Valleys  of  all  kinds,  from  the  most  open  to  the  most  narrow  and 
profound,  are  hollows  worn  by  erosion.  They  have  frequently  been 
eroded  along  the  crest  of  an  anticlinal  curve,  which  gave  rise  to  the 
mistaken  notion  of  the  so-called  "  valley  of  elevation,** — a  notion  of 
which  the  ghost  still  haunts  some  parts  of  the  geological  world.  The 
only  other  possible  mode  of  forming  a  valley  than  that  of  erosion  is  by 
the  growth  of  hills  in  such  close  proximity  as  to  give  to  the  unfilled 
spaces  between  them  the  appearance  of  valleys.  Such  features  may  occur 
between  closely  adjoining  volcanic  cones.  They  may  also  be  formed 
on  a  minor  scale  between  rows  of  sand-dunes.  Earthquakes  sometimes 
form  fissures  at  the  surface,  and  torrents  may  take  advantage  of  these 
to  commence  the  formation  of  ravines.  But  without  a  torrent  no  earth- 
quake  fissure  ever  becomes  a  glen  or  navine,  still  less  a  valley. 

The  direction  along  which  the  external  forces  shall  produce  most 
effect,  or  along  which  they  shall  be  set  to  act,  may  often  depend  on 
something  which  is  the  work  of  internal  force,  such  as  lines  of  anticlinal 
or  synclinal  fold,  lines  of  fault,  or  boundary  lines  of  formations  ;  but  it 
is  the  direction  only  which  is  so  governed.  The  external  features  pro- 
duced in  that  direction  are  produced  by  external  action. 

An  illustration  of  the  way  in  which  erosion  carves  out  a  system  of 
valleys  on  a  land-surface  is  famished  to  us  by  what  takes  place  daily 

*  The  writer  may  perhaps  be  pardoned  if  he  refers  the  student  to  the  published  Mctiooi 
of  the  Geological  Survey,  as  a  pattern  for  his  guidance.  These  sections  are  still  oniqiie, 
thou^  they  have  served  as  models  in  other  countries  as  well  as  in  our  colonies. 
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along  the  coast  If  we  watch  the  tide  receding  from  a  flat  muddy 
coast,  we  see  that  the  mud-flat,  even  where  no  heBh.  water  drains  over 
it  from  the  land,  is  frequently  traversed  by  a  number  of  little  branching 
systems  of  channels,  opening  one  into  the  other,  and  tending  to  one 
general  embouchure  on  the  margin  of  the  mud-flat,  at  low-water  mark. 
The  surface  of  the  mud  is  not  a  geometrical  plane,  but  slightly  undu- 
lating ;  and  the  sea,  as  it  recedes,  carries  off  some  of  the  lighter  and 
looser  surface-matter  from  some  parts,  thus  making  additional  hollows, 
and  forming  and  giving  direction  to  currents,  which  acquire  more  and 
more  force,  and  are  drawn  into  narrower  limits,  as  Uie  water  falls. 
Deeper  channels  are  thus  eroded,  and  canals  supplied  for  the  drainage 
of  the  whole  surface.  First  two,  and  then  more,  of  these  little  systems 
of  drainage  unite,  until  at  dead  low-water  we  often  have  the  miniature 
Tepresentatian  of  the  river  system  of  a  great  continent  (wanting  of  course 
the  mountidn-chains),  produced  by  the  very  agent — namely,  running 
water — by  which  all  river  systems,  on  aU  islands  and  continents,  have 
been  produced.  But  although  running  water  was  the  agent  in  both 
cases,  the  water  in  the  one  case  was  that  of  the  sea,  in  the  other  that  of 
the  atmosphere.  The  daily  rise  and  fall  of  the  tide  over  the  mud-flat, 
and  the  repeated  drainage  action  thus  kept  up  on  it,  would  be  but  feebly 
imitated  by  the  rarely  occurring  rise  and  fall  of  the  land  through  the 
upper  surface  of  the  sea.* 

Tlie  repeated  drainage  action  of  the  fedling  tide  finds  its  analogue 
on  the  land  in  the  drainage  action  of  the  falling  rain.  This  water, 
diffused  at  first  over  a  large  surface,  partly  sinks  into  the  ground,  but 
the  remainder  flows  or  soaks  down  the  nearest  slope,  till  it  meets  a 
rise  of  ground  that  turns  it  aside.  The  united  waters  of  the  two  slopes 
then  run  down  the  line  between  the  two,  and  begin  to  cut  a  channel 
along  that  line.  What  happens  in  one  part  of  the  area  happens  in 
others,  and  the  various  channels  xmite  and  form  streams,  ever  increas- 
ing in  volume  and  power  on  their  course  towards  the  sea.  If  these 
streams  at  first  unite  in  a  harin  and  form  a  lake,  they  must  nltimately 
fill  that  basin  till  it  overflows  at  its  lowest  point,  and  the  escaping 
stream  commences  to  cut  a  gorge  there  which  wiU  in  the  end  drain 
the  lake. 

The  direction  in  which  these  rivulets  and  their  resulting  rivers  may 
flow,  the  number  of  them  that  may  unite  to  form  one  main  stream,  and 
the  place  where  that  stream  may  finally  enter  the  sea,  depend  on  the 
original  form  of  the  surface  of  the  ground  and  the  quantity  of  rain  that 
falls  upon  it,  as  well  as  on  the  Mature  and  position  of  the  rocks  that  lay 
below  that  original  surface.  When  the  land  was  first  upraised  above 
the  sea  it  would  have  some  central  line  or  point  where  the  elevation 
was  greatest,  and  which  would  consequently  form  the  line  or  point  of 

*  lUs  niutTation  is  ttom  last  edition  of  this  woric 
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watershed.  The  surface  of  the  new  land,  even  if  it  were  a  plain  of 
marine  denudation,  must  have  had  many  inequalities.  Of  these,  the 
rain,  descending  in  rivulets  and  large  streams,  would  avail  itself,  choosing 
ever  the  lowest  levels  and  the  nearest  paths  hj  which  the  water  could 
find  its  way  to  the  sea.  The  paths,  when  once  taken,  would  be  retained, 
deepened,  and  widened,  while  the  general  surface  of  the  whole  country 
was  at  the  same  time  being  lowered  by  the  various  agents  of  subaerial 
denudation.  The  retention  of  the  draining  water  in  old  channels  would 
be  more  certain  in  proportion  to  the  steepness  of  the  ground  and  con- 
sequent rapidity  of  the  flow  of  water ;  and  channels  would  there  be 
most  rapidly  deepened.  Such  deep  valleys  or  ravines  are  scarcely  to  be 
obliterated,  or  otherwise  altered  than  from  deepening  and  enlargement, 
by  any  number  or  amount  of  changes,  short  of  the  removal  of  the  mass 
of  high  ground  which  they  traverse.  As  long  as  the  mountains  remain 
undestroyed,  the  valleys  and  ravines  must  obviously  be  continually 
enlarged,  both  vertically  and  laterally,  by  the  action  of  the' waters 
which  traverse  them. 

In  this  system  of  valley-carving  the  form  of  the  groxmd  on  either 
side  of  a  river-course  would  mainly  depend  on  the  nature  of  the  under^ 
lying  rocks,  and  the  relative  potency  of  the  river  and  of  the  other  agents 
of  subaerial  denudation.  When  the  rocks  traversed  by  the  river  were 
but  feebly  disintegrated  by  the  atmospheric  influences,  in  comparison 
to  the  erosion  carried  on  by  the  river,  the  ground  would  remain  high, 
and  the  river-valleys  narrow,  deep,  and  precipitous.  Where,  on  the 
other  hand,  the  rocks  offered  less  resistance,  the  valleys  would  become 
more  open,  and  their  sides  more  gently  sloping ;  and  where  the  rock 
masses  were  easily  afliected,  the  valleys  would  expand  into  plains,  often 
of  such  a  width  and  extent  that  their  dependence  on  the  original  river- 
valley  might  cease  to  be  apparent  Still  that  dependence  would  be 
proved  by  the  frtct  of  the  tributary  streams  flowing,  however  sluggishly, 
into  the  main  original  river,  and  the  whole  surface  of  the  dry  land, 
being  divisible  into  river-basins,  separated  by  narrow  lines  of  watershed 
{divortia  aquarum),  or  lines  which  shed  or  separate  one  system  of 
running  ^waters  from  another. 

The  author  of  this  Manual  was,  in  the  last  years  of  his  life,  one  of 
the  foremost  advocates  of  the  erosive  origin  of  valleys,  and  to  his  eluci- 
dation of  the  history  of  the  riveiv valleys  in  the  south  of  Ireland  much 
of  the  recent  progress  made  by  geologists  in  this  branch  of  their  sdenoe 
is  to  be  ascribed.  He  has  left  the  following  resume  of  his  researches 
for  insertion  in  the  present  edition  of  tikis  work : — 

BiTer-VaUeys  of  the  South  of  Ireland. — ^Although  I  had  for  many  yean 
seen  clearlj  that  the  external  features  of  the  earth's  surface  were  dne  to  dii^ct 
external  action,  and  not  to  that  of  any  internal  force,  yet  snch  is  the  inflnence  of 
early  training,  that  when  I  was  preparing  the  second  edition  of  this  work  I  was 
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only  groping  my  way  to  a  proper  appreciation  of  the  difference  between  marine 
and  atmospheric  denudation.  I  was  suddenly  enlightened  about  the  time  of  its 
publication,  in  the  year  1862,  by  arriving  at  the  solution  of  a  problem  that  had 
puzzled  me  for  many  years.  Many  of  the  principal  rivers  of  the  south  of  Lreland, 
after  running  for  miles  over  low  plains  which  have  broad  sea-maigins,  in  several 
directions,  instead  of  issuing  over  those  open  spaces  to  the  sea,  go  out  of  their 
way  to  cut  through  hills,  sometimes  even  through  isolated  groups  of  hills,  that  are 
surrounded  by  the  low  lands.  Other  rivers,  after  running  for  many  miles  along 
well-marked  valleys,  which  continue  with  straight  courses  right  out  to  the  sea, 
instead  of  following  down  those  valleys  suddenly  turn  at  right  angles,  and  cut,  by 
comparatively  deep  and  narrow  ravines,  through  the  hills  that  bound  the  valleys, 
and  escape  to  the  sea  in  that  direction. 

The  old  explanation  of  these  facts  was,  that  these  ravines  through  the  hills  were 
cracks  opened  by  internal  force,  but  this  was  in  reality  a  mere  hasty  guess,  and  no 
real  explanation.  The  ravines  cut  through  the  Mils  are  narrower  and  have 
steexier  sides  than  the  valleys,  but  they  are  evidently  not  the  mouths  of  gaping 
fissures.  Their  depth  is,  after  all,  insignificant  as  compared  with  their  widtiu  A 
transverse  section  across  them,  drawn  on  the  true  scale,  shows  them  to  be  squarish 
gape  of  erosion,  ending  suddenly  and  completely  downwards.  In  some  cases  the 
beda  can  be  traced  imbroken  across  the  floors  of  these  ravines.  They  are  obviously 
channels  that  have  been  cut  out  of  the  rocks,  by  the  removal  of  the  pcuis  that 
once  intervened  between  their  sides.  Even  in  mountain  glens  an  error  is  often 
made  by  hasty  observers,  who  adduce  the  apparent  correspondence  in  the  curves  of 
the  opposite  sides  of  the  glen  as  proof  that  they  once  fitted  into  each  other,  and 
that  the  rock  surfaces  now  exposed  actually  touched  each  other,  and  have  gaped 
asunder;  while,  if  they  took  the  trouble  to  explore  the  floor  of  the  glen,  they  would 
find  that,  wherever  the  rocks  can  be  seen,  unbroken  beds  stretch  across  it, 
coming  out  from  beneath  the  base  of  one  cliff  and  passing  under  the  base  of  the 
other.  The  surfaces  of  those  unbroken  rocks  on  the  floors  of  the  glens  have 
obviously  been  bared  by  denudation,  and  the  student  may  rely  that  this  is  true 
for  all  cases,  and  that,  except  perhaps  in  districts  recently  convulsed  by  very  bad 
earthquakes,  there  is  no  such  thing  in  the  world,  certainly  not  in  the  British 
Islands  or  Western  Europe,  as  a  glen,  ravine,  or  valley,  that  is  the  mouth  of  a 
fissure  which  has  gaped  open.  The  whole  space  between  the  sides  of  the  glens 
was  once  occupied  by  rock  that  has  been  carried  away. 

What  then  is  the  origin  of  these  gaps  or  ravines  through  the  hills,  which  are 
now  selected  as  channels  by  the  rivers,  instead  of  the  seemingly  much  more  easy 
and  natural  courses  offered  by  the  valleys  or  the  plains  f 

The  solution  of  the  problem  which  I  arrived  at  was  this,  that  the  rivers  for- 
merly ran  uxx>n  a  gently  undulating  surface,  which  was  considerably  above  that  of 
the  present  valleys  and  low  lands ;  a  surface,  of  which  the  summits  of  the  existing 
hills  perhaps  formed  a  part,  or  closely  approximated  to  it ;  and  that  the  rivers 
which  first  began  to  run  over  this  old  surface  have  continued  to  run  on  it  during 
the  whole  of  that  wasting  action  of  erosion  which  has  worn  down  the  old  surface 
into  the  present  one.  The  rivers  taking  directions  according  to  the  slopes  of  the 
old  surface-cut  channels,  which  in  many  cases  happened  to  run  across  the  spaces 
where  hills  were  subsequently  disclosed  by  the  removal  of  the  envelope  around 
them.  But  as  the  waste  of  that  envelope  could  only  be  removed  by  the  rivers 
themselves,  those  channels  must  always  have  been  deeper,  even  though  but  a  little 
deeper,  than  the  level  of  the  surface  of  the  interior  plains  and  valleys. 

This,  then,  shows  the  subaerial  character  of  the  whole  action.  Had  the  country 
ever  been  depressed  below  the  sea  during  the  time,  and  any  erosion  of  the 
surface  of  the  plains  and  valleys  been  caused  by  the  sea,  the  rivers  would  hardly 
have  regained  their  old  channels  through  the  hills,  on  the  re-elevation  of  the 
country  into  diy  land.     It  can  be  shown  in  many  cases  that  if  a  dam  of  slight 
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elevation  were  now  constnicted  acrose  some  of  the  ravines,  sod  the  riven  ponded 
hack,  the  waters  would  escape  down  the  valleys  or  over  the  plains,  entering  the  sea 
bj  altogether  differttit  mouths  from  their  present  ones.* 

Valley  of  the  Blaokwater. — A  clearer  illustration  of  the  views  now 
enunciated  could  not  be  selected  than  that  afforded  by  the  river  Bladrwater, 
which  runs  by  Mallow,  Fermoy,  and  Lismore.  The  parts  of  the  counties  of  Cork 
and  Waterford  which  are  here  adjacent  to  each  other,  consist  of  &  number  of 
alternate  ridges  and  valleys,  which  run  with  great  regularity,  almost  exactly  east 
and  west,  for  fifty  or  sixty  miles.  The  hillB  are  formed  of  anticlinal  folds  of  red 
sandstones  and  slates  (belonging  to  the  Old  Red  Sandstone  formation),  while  the 
valleys  have  synclinal  curves  of  thick  grey  limestone  (Carboniferous  limestone)  for 
their  subjacent  rock. 

The  loftiest  hills  of  the  district  are  those  called  the  ELnockmealdown  mountains, 
which  rise  to  2600  feet  above  the  sea.  These,  however,  decline  towards  the  west, 
and  finally  sink  in  that  direction  beneath  a  limestone  plain.  The  sandstone 
ridge  which  runs  parallel  to  them  on  the  south,  and  is  thereabouts  called  Drum, 
is  much  lower  but  broader  and  more  persistent,  and  is  continued  in  fact  fix>m  the 
southern  side  of  Dungarvan  Bay,  right  across  Ireland,  to  the  coast  of  Kerry.  The 
highest  points  of  the  Drum  ridges  are  firom  600  to  900  feet  above  the  sea,  but  as 
they  run  towards  the  west  they  increase  in  height  (as  the  Knockmealdowns  decline), 
and  form  the  Ragle  mountains,  and  other  still  loftier  hills  farther  west. 

The  limestone  vaUey  of  Lismore,  between  the  Drum  ridge  and  the  Knockmeal- 
down  hills,  is  a  narrow,  well-marked  trough,  both  externally  and  internally.  It 
runs  in  from  Dungarvan  Bay  to  Fermoy,  a  distance  of  forty  miles,  and  a  road 
might  be  taken  the  whole  of  that  distance  without  ever  passing  over  ground  much 
more  than  about  100  feet  above  the  sea.  It  is  just  north  of  Fermoy  that  the 
Enockmealdown  ranges  finally  die  away,  while  to  the  west  of  that  the  southern 
ridge  gets  loftier,  and  forms  an  unbroken  watershed  the  whole  way  to  Man- 
gerton  and  Bolus  Head.  The  Blackwater  river,  rising  in  Kerry,  runs  at  the 
foot  of  this  ridge  for  'fifty  miles  down  to  Fermoy,  and  continues  in  the  same 

*  The  application  of  these  views  to  the  explanation  of  the  pecoliarities  In  Uie  lower  parts 
of  the  courses  at  some  of  the  rivers  of  the  south  of  Ireland,  is  given  In  a  paper  published  in 
1862,  in  the  18th  voliune  of  the  QwxrUrly  Jownud  ctf  C/ke  GeologiccU  Society  qf  London.  After 
reading  it,  I  learnt  from  my  coUeagae,  Professor  Ramsay,  that  the  idea  of  the  old  plain  of 
denudation,  coinciding  with  the  tojM  of  oor  present  hills,  had  struck  him  long  before,  on 
seeing  how  nearly  a  straight  line  would  touch  the  summits  of  the  hills,  in  the  sections  aciosa 
South  Wales,  drawn  and  published  by  the  Geological  Survey.  He  pointed  this  out  to  the 
British  Association  in  1847,  in  a  paper,  of  which  an  abstract  is  given  in  the  volume  for  that 
year.  He,  howoTer,  then,  in'oommon  with  most  geologists,  looked  to  the  sea  as  the  main 
agent  of  denudation,  which  had  produced  .the  form  of  the  surfSee  of  our  present  lands.  I 
believe  that  my  paper,  above  alluded  to,  first  showed  that  that  plain,  the  existoice  ot 
which  I  had  also  arrived  at  independently  from  the  study  of  our  Survey  Sections,  not  only 
became  dry  land,  but  was  worn  by  rain  and  rivers  into  its  present  form.  The  ideas,  how- 
ever, were  but  a  re-awakening  of  the  dormant  principles  of  Hutton  and  Playfair,  and  were 
evidently  floating  in  the  heads:  of*  many  of  my  coUeagues  and  other  observers,  as  is  shown 
by  the  numerous  papers  that  have  since  appeared,  in  which  they  are  applied.  See,  tar 
example.  Professor  Ramsay's  Phyrieai  Geography  and  Geology  o/Britain^  and  his  papers  ia 
the  PML  Mag,  for  1864-5 ;  Mr.  Gelkie's  Soe7^ery  of  Scotlarui,  vietotd  in  connection  ^ttk  its 
Phytioal  Geology;  and  papers  by  Dr.  Foster,  Mr.  Topley,  and  Mr.  Whitaker,  in  the  QnarL 
Joum.  Geok  Soc,  vol.  xxi.,  and  Geol,  Mag.,  vols.  iii.  and  iv.  Colonel  George  Greenwood  had 
previously  published  a  little  work  called  **  Rain  and  Rivers,"  in  which  the  doctxine  of 
atmospheric  erosion  is  clearly  expounded.  Dr.  Dana  had  explained  the  aqueous  erosion  of 
the  vaDeys  in  New  South  Wales,  and  to  the  volcanic  islands  of  the  Pacific.  Dr.  Newberry 
had  called  attention  to  the  marvellous  system  of  erosion  to  the  great  baato  traversed  by  the 
Rio  Colorado. 
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■tnigU  UiM  ddn  the  Lianars  nlley  for   Z  cc  ^  3  £ 

abont  tvontf  miles  fuiW,  to  the  little  ^l.'S 

town  of  C&ppoquin.    There,  however,  the  2^1 

river  soddsnly  tunu  at  right  angles  to  its  ^  a  i 

fonuer  course,  sad  ioatead  of  following  tb«  S  ■S  s 

ngnlir  east  and  west  valley,  which  continnes    *"  »  Jl  J 

Etnight  out  to  the  sea  at  Dungarvan  Bay,  3^  •'^ 

it  cuts  through  the  high  land  of  the  Drum  °  ^  S 

ridges  dm  south  to  Youghal  Bay,  which  is,  ?  =  3 

moreover,  five  miles  farther  from  Cappoquin  .s  S  a 

than  DuDgarvao  Bay.    Why  does  it  take  S  ?S 
this  aitnardinary  coune  I     Because  just  to  *  S'  ^ 

the  aorthwBid  of  the  bend  are  the  Knock-  k  ^  " 
mettldown  monutsuu,  and  the  origioal  river  %  S 

rui  due  south  from  near  their  summits,  J  ^  ^ 

down  the  slopea   of   Uia  original   surface,  ^  S  3 

towards  the  sen.  °  J  " 

Suppose  we  restore  in  imaginotioa  that  1*1 

old  origioal  surface,  and  look  at  it  as  it  I  .a  ^ 

was  beCora  any  of  the  vallejrs  wen  exca-  b.^  g' 

TStod.      It  would   then  lie   an  undulating     ^  S^ S 

plain,  rising  into  gently  sloping  bills  in  dif-  j  -^  9 

farent  places,  the  loftiest  point  beiog  doubt-  '^  1  * 

less  ovar  the  spot  where  the  summits  of  the  t''Z% 

KDOckmealdown  mountains  now  are.    This  □  1 1 

plain  was  one  perhaps  caused  by  msrinB  9  ^ 

denudation.     Ita  slope  would  probably  be  c  "I  £ 

Buuh  aa  that  indicated  by  the  line  A  B  in  ^  S 

Fig.  139.    Strtuuns  running  down  this  slope  ■  I  -3 

bom  B,  and  uniting  about  the  part  under  la* 
C,  cut  a  channel  below  that  towards  the  i  £ 

aaa,  and  that  chsonsl  has  ever  since  been  S  £  . . 
the  outlet  for  tba  drainage  of  a  large  part 
«f  the  country  to  the  west  of  it.     The  old 
marine  denudation  had  cut  away  limestone 

and  sandstone  pretty  equally  to  form  this  ■%  J 

plain,  represented  by  the  line  A  B,  but  •*    r^  I  ^ 

soon  as  the  atmoapheric  waters  began  to  act  % 

on  it,  after  ita  elevation  into  dry  land,  a  ^  -  j 
aensible  diSsience  was  established  between 
them.     The  mechanical  at 


Ding  water  of  the  rivers  would  be  pretty 


eqaal   on    both  kinds   of   rock,   but   the  1  -^  J 1 


'■il 

t-.A 


limestone  would  suffer  from  the  chemical 
solution  of  the  rain  water  to  a  far  greater 
extent  than  would  the  orenaceoni  rocks. 
The  sorbce  of  the  limestone  districts,  then, 
would  be  wasted  more  rapidly  and  more 

generally   than   those   of    the    sandstones.  _  ^ 

Moreover,  the  detritus  of  the  sandstones  ^  u  ^.  ^ 

could  only  be  carried  off  down  continuous  J  S  e^ 

alopee,  where  the  watM  eonld  transport  it     ^  *  ■a  g  J 

mechanically,  as  sand  or  mud.     liie  dis-  "  I  1  S 

solved  limestone  would  be  diffused  through  a  I  g 

the   whole  water,  would  rise  with  it  in  (O  B  P  V 
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dear  springs,  the  chemical  solirtion  and  the  removal  of  dissolved  materials  bong 
ceaseless  and  oniversaL  The  surface  over  the  limestone  districts  would  therefore 
sink  into  valleys  and  pluns,  while  that  over  the  hard  sandsttme  areas,  being  only 
wasted  mechanically,  would  resist  the  erosion  longer,  and  stand  np  as  hiUs  and 
lidges.  Any  bands  of  soft  shales  and  clays  wonld  of  course  yield  more  rapidly 
than  the  sandstones,  or  perhaps  even  than  the  limestones,  and  form  corresponding 
low  lands  and  valleys.  Still,  no  part  of  the  snrfaoe,  even  of  the  most  easily 
erodible  rock,  wonld  sink  lower  than  the  bed  of  the  channel  by  whidi  alone  aU 
the  detritus  could  be  carried  off  to  the  sea.  The  Uttle  river  that  originally  ran 
down  the  steepest  slope,  from  the  highest  summit  wonld  be  the  one  most 
likely  to  receive  the  greatest  rainfall,  and  would  certainly  have  the  most  rapid 
course.  It  would  therefore  cut  the  deepest  channel  throng  the  rocks.  Running 
across  the  strike  of  the  rocks,  it  must  run  across  the  hardest  as  well  as  the  softest, 
and  the  depth  to  which  it  could  cut  into  the  hardest  would  be  the  limit  of  depth 
to  which  it  could  cut  even  the  most  erodible  bands  higher  up  the  stream.  Those 
erodible  bands,  however,  would  be  worn  down  laterally  on  each  side  of  the 
river,  as  it  cut  across  them,  and  tributary  streams  would  thus  be  formed,  which 
would  in  time  wear  those  softer  bands  into  broad  and  open  valleys,  while 
many  parts  of  the  original  river,  where  it  traversed  hard  rocks,  would  be  bordered 
by  cliffii  more  or  less  steep.  Glens  and  ravines,  often  encumbered  with  waterfaDs, 
therefore  frequently  characterise  the  upper  part  of  the  original  river  among  the 
siliceous  hills,  as  they  do  occasionally  all  streams  that  cut  across  the  strike  <^  the 
rocks,  while  the  longitudinal  valleys  formed  along  the  strike  of  the  softer  or  more 
easily  wasted  bands  of  rock  are  open,  regular,  and  long,  according  to  the  extent 
of  the  band  along  which  they  are  formed.  No  part  of  their  bottom,  however,  can 
be  worn  lower  than  the  bottom  of  the  channel  of  the  original  river  into  which 
they  fall,  since  that  is  in  fact  the  channel  by  which  alone  their  water  and  its  fk^eight 
of  detritus  can  be  carried  off.  Hie  longitudinal  valley  may  ^ven  be  worn  back 
across  the  courses  of  many  minor  transverse  streams,  and  deflect  their  waters  down 
its  course ;  still,  whatever  water  it  brings  to  the  original  main  channel  can  only  add 
to  its  power  below,  but  cannot  divert  its  course.  This  little  original  transVerse  stream 
is  the  origin  of  the  whole  operation,  and  the  motive  power  which  sets  it  in  action. 

When  the  stream  flowing  from  B  to  A  in  Fig.  139  had  begun  to  cut  deeply  into 
the  rocks  below  that  line,  tiie  land  on  each  side  of  its  channel  was  always  being 
worn  down  by  the  rain  and  the  resulting  rills.  The  limestone  surface  sank  into 
valleys,  the  surface  of  the  sandstones  stood  up  as  hills.  A  tributary  stream  cut 
back  along  the  trough  of  limestone,  under  C,  for  many  miles,  and  eventually  fcnmied 
the  river  Blackwater,  as  it  is  above  Cappoquin. 

To  whatever  extent  these  longitudinal  valleys  might  proceed,  none  of  the  waten 
coming  down  them  could  ever  cross  the  original  transverse  valley  that  was  formed 
by  the  little  primary  river.  The  Blackwater,  that  comes  into  tills  primary  river  at 
Cappoquin,  luis  never  crossed  it  to  continue  down  the  remainder  of  the  longitudinal 
valley  to  Dungarvan  Bay,  and  could  never  do  so  unless  something  happened  to 
cut  a  channel  lower  down  that  remaining  part  of  the  valley,  deeper  than  the 
channel  already  cut  down  to  Toughal  Bay. 

Wealden  Area. — ^The  wide  district,  in  the  south-east  of  England,  known  as 
the  Weald,  ofiers  another  remarkable  illustration  of  the  power  of  subaerial  denu- 
dation to  carve  out  a  system  of  valleys.  The  whole  of  the  chalk  which  onoe 
covered  that  area  has  been  removed,  and  its  escarpments  range  along  either  side  of 
the  broad  Weald,  somewhat  like  old  sea-clifiiB — a  resemblance  which,  until  reoentiy, 
misled  geologists  into  the  belief  that  tiie  denudation  of  the  Wealden  area  had  beoi 
the  work  of  the  sea.* 


•  8«e  the  admirable  memoir  on  this  subject  by  Messrs.  Foster  and  Topley,  Quart.  J<mnk. 
OtoL  Soe.  vol.  xxi. ;  and  Professor  Ramsay's  Physiaal  GtoL  and  Qtog,  o/BriL  /ties. 
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Bbine  «id  Moaelle. — Th«te  two  ibraDu  fniubih  remirkaUe  illiutrtttaoiu  of 
&t  power  of  riven  to  carve  ont  winding  chtnnels  in  «oUd  rock.  For  many  miles 
abore  their  jonctiDn  at  Coblentz,  they  traveiBe  a  table-land  of  higlilf-iticIiDed 
Devonian  strata,  1000  or  1200  feet  above  the  sea.  Originally,  when  they  began 
to  Sow,  they  wound  from  aide  to  aide  over  this  platfonn  of  rock,  vei?  mnch  as  s 
river  winda  to  and  fro  in  ita  aUovial  plain.  ThM  aariy  curving  course  they  have 
retained,  and  have  gradnally  cnt  it  down  thiongh  tlie  rock,  ao  aa  to  form  the  well- 
known  scenery  of  these  stitams. 

The  eroBion  of  the  Moselle  valley  Is  partioolarlj  Striking. "  ,Tbo  table-land  On 
father  side  of  the  river  is  tiuTOwed  with  nnmerons  narrow  ravines,  with  steep  aides, 
which  cot  down,  as  they  near  the  Moselle,  to  depths  of  000  or  800  feet  below  tha 
general  enrface  of  the  conntry,  and  wind  through  It  with  the  most  ainaons  cDTvet 
imaginable.  The  Moselle  itself  works  its  way  Uiroogh  the  dietrict  by  an  equally 
tortuous  course,  forming  loops  wbieh,  after  a  bend  of  soiae  miles,  often  cut  back 
BO  as  to  leave  bat  a  narrow  ridge  between  two  adjacent  reaches  of  the  river.  This 
aingnlarly  winding  valley  is  both  narrow  and  deep,  being  closely  environed  on  all 
sidea  by  steep  precipitoua  banks,  800  or  1000  feet  in  height,  with  frequently  hardly 
more  room  between  their  opposing  bases  than  just  sufficient  tor  the  river  itself. 
It  is  clear  that  such  deep  winding  channels  in  hard  rock  conld  not  have  been 
excavated  by  the  waters  of  the  sea,  or  by  any  other  conceivable  action  than  that 
of  water  mnnlng  over  dry  land,  and  deflected  hither  and  thither  according  aa  it 
was  tamed  aaide  by  meeting  with  obstaclei  or  indoced  by  facilides  to  its  passage 
— In  other  words,  b;  rivara. 

Fig.  110  will  serve  to  explain  the  diflVrence  between  the  wide-spread  esriy  and 
poasibly  marine  denudation  by  which  the  general  surface  of  the  coontry.  A,  B, 


Fig.  1*0. 

C,  D>  has  been  produced.  In  consequence  of  the  removal  of  the  rock  mailed  by 
the  dotted  lines,  and  the  local  river  action  which  has  cat  down  below  that  surface 
so  as  to  form  the  ravines  a,y,  z.  The  letters  «,  e,  refer  to  volcanic  rocks  of  com- 
paratively recent  date.i-  It  is  obvious,  from  the  patch«  of  lava  now  found  In  the 
bottom  of  the  valleys,  that  thoxe  excavations  were  very  mach  in  their  present  Stat« 
when  the  volcanic  eruption*  took  place. 

TaUeys  itt  Clialk  and  LimsatODe  Diatriots. — When  the  rocka  of  enj 
draiiiBge-area  are  of  a  kind  to  be  chemically  disaolved  and  removed  in 
solution,  the  excavation  of  vailefs  in  them  is  consideTahlj  modified.  In 
limestone  distcicta  the  hi] In  are  commonly  either  bare  or  but  scantily 

*  TUa  account  o(  Uie  Kotell*  valley  was  ^ven  hi  ths  last  edltlou,  p.  ML 

t  The  Tolcanoea  nasi  Bertrlcb,  sncb  as  the  Falkaulel  and  Uie  Faohariine,  ars  nally 

pi>ck«t  editions,  almost  cabinet  ipeclmena.  ot  valcanots,  Uw  cones  not  exceeding  Oftr  IMt 

ta  bdgbt,  or  a  bandit  yards  In  diameter  at  the  base. 
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ooveied  with  soil,  for  the  reaeon  ahead j  aaaigned.*  Thej  sometiiieB 
show,  along  their  ridges,  laige  oavities,  called  popularly  *^  punch-bowls,* 
sometimes  several  hun<hred  yards  across,  and  sometimes  appearing  like 
winding  valleys,  closed  at  both  ends.  Except  while  rain  is  actually 
falling,  very  little  water  may  be  seen.  The  joints  of  the  limestone 
being  gradually  widened  by  solution,  serve  as  channels  through  which 
the  rain  at  once  sinks  imdeiground.  Part  of  the  water  rises  here  and 
there,  at  the  base  of  the  hills,  in  the  form  of  springs ;  but  in  many 
cases  a  great  part  flows  along  in  subterranean  courses,  which  have  been 
gradually  eaten  out  of  the  rock  by  the  solvent  power  of  the  wat^. 
When  these  courses  are  not  far  beneath  the  surface  their  roofs  some- 
times fall  in,  and  there  is  then  the  singular  feature  of  holes  in  the 
ground  40  or  50  yards  wide,  and  50  or  100  feet  deep,  at  the  bottom 
of  which  the  brawling  of  the  underground  river  may  be  heard.  Good 
examples  of  this  kind  are  found  in  different  parts  of  the  great  lime- 
stone plains  of  Ireland.  "  Sometimes  the  roof  of  one  of  the  subter- 
ranean river-courses  has  fallen  in  for  some  distance  along  the  line  of 
the  river,  so  as  to  form  a  narrow  rocky  valley,  from  a  hundred  yards  to 
a  mile  or  two  in  length.  The  river  comes  from  under  the  limestone 
mass  at  one  end,  and  runs  below  it  at  the  other,  the  rock  at  either  ex- 
tremity of  the  fallen-in  valley  rising  like  a  wall  along  the  face  of  some 
strong  joint  In  the  country  above  and  below  one  of  these  excavations, 
no  one  would  have  any  suspicion  of  the  course  or  even  of  the  existence 
of  the  subterranean  river.**  t 

In  chalk  countries  the  combined  chemical  and  mechanical  action  of 
running  water  produces  similar  effects,  with  this  difference,  that  where- 
as in  tracts  of  hard  limestone  the  bare  rocky  sides  of  the  valleys  show 
far-stretching  lines  of  narrow  steps  and  terraces  formed  by  the  outcrop 
of  the  successive  beds  of  rock,  in  districts  of  the  softer  chaUc  the  surface 
wastes  away  into  a  gently  imdulating  verdurous  surface.  The  absence 
of  running  streams  on  the  surface  of  the  coombs  and  valleys  of  the 
chalk  coimtries  is  no  proof  of  the  non-existence  of  those  streams,  but 
only  of  their  subterranean  character.  There  must  be  as  great  a  rain- 
fall on  a  chalk  country  (ceteris  parxbrn)  as  on  any  of  the  neighbour- 
ing clay  or  sandstone  districts  ;  on  the  latter,  however,  the  erosion  is 
mainly  mechanical  and  superficial ;  in  the  former  most  of  it  is  chemical, 
and  much  of  it  subterranean,  and  as  the  dissolved  mineral  matter  is 
diffused  through  the  whole  bulk  of  the  water,  it  is  carried  off  as  much 
by  the  water  which  rises  from  below  in  clear  springs,  as  in  that  which 
runs  down  the  surface  slopes. 

Caverns. — To  the  solvent  action  of  underground  water  are  to  be 
ascribed  the  caverns  which  are  found  in  all  large  limestone  districts. 
These,  like  the  well-known  Mammoth  caves  in  Kentucky,  sometimes 
*  AnU,  p.  877.  f  Jukes'  MS. 
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penetzate  foi  many  miles  in  nrnnerous  branches,  and  come  from  still 
greater  bat  unknown  distances,  the  farther  progress  of  their  explorer 
being  often  arrested  by  underground  rivers,  with  the  roof  of  the  cavern 
sometimes  ainlcing  to  the  surface  of  the  water.  These  are  the  points 
where  the  subterranean  streams  are  still  at  work,  the  dry  lofty  caverns 
being  the  channels  they  have  worn  and  deserted.  The  lower  parts 
even  of  these,  however,  are  in  many  cases  full  of  water,  especially 
during  great  floods,  which  often,  as  they  subside,  leave  clay  sticking  to 
the  sides  and  roofs  of  the  caverns.  Bones  of  land  animals  may  be 
swept  from  the  surface  and  buried  in  the  loam  of  these  subterranean 
rivers.  The  parts  of  the  caverns  deserted  l^  the  rivers  often  become 
coated  and  partially  filled  with  stalactite  and  stalagmite,  which  is  itself 
an  evidence  that  the  water  still  trickling  through  the  roof  of  the  cavern 
is  dissolving  the  rocks  above  it. 

Fasaea  or  Gaps. — ^When  two  valleys  among  mountains  ascend  to- 
wards each  other,  there  is  usually  a  de^^ression  in  the  ridge,  known  as 
a  pcui  or  pap.  The  origin  of  this  feature  is  probably  to  be  traced  to 
the  gradual  lowering,  by  subaerial  denudation,  of  an  original  depression 
in  the  watershed,  and  to  the  manner  in  which  the  streams  flovring  off 
from  that  depression  would  cut  their  way  backward  into  it.  While 
the  general  degradation  of  the  mountains  was  lowering  the  whole  sur- 
face, and  advancing  more  rapidly  along  the  depressions,  the  two  streams 
were  eating  into  their  dividing  ridge  and  canying  away  its  detritus. 
Hence  in  the  end  the  ridge  would  be  cut  through,  and,  though  the 
streams  would  never  unite,  their  valleys  might  do  so,  and  give  rise  to 
one  long  valley  rising  up  to  the  watershed  on  the  one  side,  and  descend- 
ing from  it  on  the  other.  The  junction  of  the  two  valleys  would  then 
be  a  pass.  Subsequent  denudation,  more  especially  if  the  land  were 
depressed  and  the  long  valley  became  a  sea-sound,  would  cut  down  still 
more  the  bottom  of  the  pass,  imtil  at  last  it  might  become  difficult  to 
tell  precisely  where  the  original  dividing  ridge  between  the  two  valleys 
had  been.  Some  remarkable  examples  of  this  feature  occur  among  the 
Silurian  uplands  of  the  south  of  Scotland — a  region  which  has  suffered 
many.prolonged  denudations,  from  the  times  of  the  Old  Red  Sandstone 
downwards. 

J^orda. — ^A  Qord  has  been  already  described  (p.  334)  as  a  submerged 
land-valley.  The  west  coasts  of  Scodand  and  Scandinavia  are  indented 
by  many  such  inlets  ;  and  as  they  face  the  Atlantic  it  has  often  been 
imagined  that  the  indentations  have  been  caused  by  the  breakers  of 
that  ocean.  When,  however,  we  reflect  that  the  Qords  are  in  many 
cases  of  great  depth,  and  that  the  action  of  breakers  is  confined  to 
the  surface  parts  of  the  sea,  we  are  led  to  perceive  that  such  long  and 
deep  hollows,  deeper  sometimes  than  the  sea  outside  of  them,  cquld  not 
have  been  dug  out  by  the  action  of  the  sea.     They  are  in  fact  old  land- 
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vaUeys,  carded  out,  like  other  valleys,  by  the  action  of  suhaerial  forces, 
bat  which,  owing  to  the  depression  of  the  land,  have  sank  below  the 
sea  so  as  to  become  sea-lochs  or  Qords.  Many  of  them  were  once 
occapied  by  glaciers,  and  retain  to  this  day  the  ice- worn  sarfaces  which 
were  then  impressed  upon  them.* 

Iiake-baBin8. — ^A  lake  is  a  cavity  on  the  surface  of  the  land  filled 
with  water.  When  we  reflect  on  the  aniversal  waste  which  is  in  progress 
upon  that  surface,  and  on  the  tendency  of  all  ranning  water  not  to  form 
basins,  but  to  fill  them  up,  we  seem  at  first  sight  to  meet  with  something 
exceptional  and  abnormal  in  the  existence  of  lakes.  Nor  is  the  difficulty 
lessened  when  we  come  to  examine  the  nature  and  form  of  lake-basins 
a  little  more  in  detail  If,  however,  we  have  fiilly  realised  the  extent 
and  the  results  of  the  denudation  which  is  everywhere  going  on  around 
us,  we  recognise  the  puerility  of  all  those  hypotheses  which  seek  to  refer 
the  origin  of  lake-basins  to  primeval,  or  geologically  very  ancient  dis- 
turbances of  the  earth's  crust  For  it  is  evident  that,  whatever  may 
have  been  their  origin,  their  existence  cannot  but  be  of  comparatively 
modem  date.  We  see  that  the  streams  which  enter  them  push  yearly 
increasing  deltas  into  the  water.  Every  lake  in  our  own  country  shows 
this.  Many  alluvial  meadows  have  evidently  at  one  time  been  lakes ; 
many  lakes  have  been  silted  up  within  the  memoiy  of  man,  many  are 
almost  diminishing  visibly  from  year  to  year.  The  rate  at  which  mud, 
sand,  and  sUt,  are  poured  into  these  hollows  shows  that  the  hollows 
cannot  be,  in  a  geological  sense,  very  old.  The  delta  of  the  Rhone,  for 
example,  has  crept  a  mile  and  a  half  into  the  lake  of  Geneva  in  about 
800  years.  Eight  centuries,  therefore,  must  represent  no  insignificant 
fraction  of  the  interval  which  has  elapsed  since  the  lake  first  began  to 
receive  the  detritus  of  the  river.  Had  the  basin  been  of  geologically 
ancient  origin,  it  must  necessarily  have  been  long  ago  filled  vi^  with 
sediment,  and  once  in  that  condition,  no  power  of  running  water  could 
re-excavate  it  so  as  to  turn  it  into  a  lake  again. 

It  is  a  singular  and  significant  fact,  first  pointed  out  by  Professor 
Bamsay,  that  lakes  are  scattered  in  immense  numbers  over  the  more 
northern  portions  of  the  globe,  while  in  more  temperate  and  tropical 
regions  they  are  in  comparison  rare.  These  millions  of  northern  lake- 
basins  are  for  the  most  part  to  be  found  among  the  oldest  stratified 
formations,  in  which  no  trace  of  recent  volcanic  action  or  subterranean 
movement  is  to  be  seen.  The  palseozoic  rocks  are  crumpled  and  frac- 
tured, but  the  lakes  which  lie  in  them  cannot  be  assigned  to  the  early 
fractures  and  convolutions  of  these  ancient  rocks,  for  the  aboriginal 
contour  of  the  surface  must  long  ago  have  been  worn  away,  and  even  if 
the  rock-basins  could  have  remained,  they  must  have  been  filled  up  with 

*  See  p.  334,  noU^  and  the  authorities  there  cited ;  also  Gelkle,  on  a  Comparison  of  the 
Glaclatlon  of  the  west  of  Norway  and  the  west  of  Scotland,  Proc  Roy.  Soe.  Jldi».'for  18«. 
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sediment,  and  thus  have  ceased  to  hold  lakes.  Under  any  allowable 
explanation,  therefore,  the  facts  of  denudation  make  it  abundantly  clear 
that  all  existing  lakes  must  have  been  formed  in  late  geological  periods ; 
ao  late,  indeed,  that  they  may  be  considered  as  almost  part  of  the  pre- 
sent epoch. 

When  we  come  to  examine  the  structure  of  the  lake-basins  themselves, 
apart  from  theory  as  to  their  origin,  we  find  most  of  them  to  be  in  reality 
hollows  worn  out  of  a  denuded  surface  of  rock — ^valleys,  whose  bottom 
is  below  the  level  of  their  lower  end.  Any  explanation  of  their  origin 
must  take  into  account  the  following  facts  in  their  natural  history : — 

1.  Lakes  are  abundantly  scattered  over  the  more  northern  parts  of 

the  globe. 

2.  They  lie  in  hollows  of  extensively  denuded  rocks. 

3.  They  must  be  of  comparatively  recent  origin.* 

Lakes  may  be  grouped  into  two  classes: — 1st.  Those  which  are 
formed  by  barriers  of  superficial  accumulations ;  2d.  Those  which  lie 
in  rock-basins. 

I.  Lakes  dammed  up  by  superfloial  aooumulations.  These  may 
originate  in  at  least  five  ways : — 

1.  Temporary  lakes  are  sometimes  formed  where  a  stream  has  its 
waters  ponded  back  by  the  gravel  thrown  down  at  its  mouth  by  the 
liver  of  which  it  is  a  teibutary. 

2.  Landslips,  which  descend  in  such  mass  as  to  intercept  the  drainage 
of  the  valleys  into  which  they  fall,  may  give  rise  to  lakes,  which,  unless 
the  impediment  gives  way,  will  remain  until  they  are  filled  up  with 
sediment,  or  until  the  streams  which  escape  from  them  cut  their  way 
down  through  the  barrier  of  rubbish,  and  the  lakes  are  consequently 
drained. 

3.  The  moraine  of  a  glacier  is  sometimes  thrown  across  a  valley,  and 
on  the  retreat  of  the  ice  ponds  back  the  water,  so  as  to  form  a  lake. 
This  has  happened  not  imfrequently  with  terminal  moraines,  but  it  may 
occur  also  where  a  lateral  valley  enters  another  occupied  by  a  glacier, 
the  ice  or  its  moraine-rubbish  serving  as  a  dam  to  the  water. 

4.  Irr^ular  deposition  of  loose  or  detrital  materials  forms  hollows 
which  may  eventually  hold  lakes.  This  happens  (a)  among  moraine 
mounds  ;  (p)  sometimes  among  hiUs  of  blown  sand  when  they  lie  on  an 
impervious  bottom  ;  (c)  among  the  clays,  sands,  and  gravels  of  what  is 
called  the  Glacial  Drift,  where  the  detritus  has  been  laid  down  both  on 
land  and  on  the  sea-floor  in  such  an  irregular  manner  as  to  form  many 
hollows  which  now  serve  as  lake-basins  ;  (d)  volcanic  cones  thrown  up 
close  to  each  other  may  enclose  at  their  bases  hollows  which  will  hold 
water ;  (e)  volcanic  craters  may  be,  perhaps,  included  here :  in  some 

*  Tront,  GtcL  Soe.  Gkugow,  rol.  UL  p.  180. 
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caees,  as  in  the  well-known  maare  of  Uie  Eifel,  they  become  lakes  on 
the  extinction  of  volcanic  activity. 

5.  Reference  may  also  be  made  here  to  the  fact,  that  a  stieam  of 
lava  poured  across  a  valley  may  form  a  lake,  as  has  happened  at  the 
Lake  of  Aidat,  in  Auvergne.* 

U.  I«akes  in  Bo<^-baains. — These  are  by  mnch  the  most  abundant 
and  important  They  differ  from  those  just  described,  inasmuch  as  they 
tire  due  not  to  mere  superficial  accumulations  impeding  the  downward 
flow  of  the  rainfall,  but  to  the  formation  of  actual  cavities  in  the  rocks 
beneath  the  surface,  though  the  depth  of  water  in  them  may  no  doubt 
be  often  augmented  by  barriers  of  loose  detritus  placed  across  their  lower 
lip.  There  appear  to  be  three  processes  by  which  rock-basins  may  be 
produced : — Ist.  By  subterranean  movements ;  2d.  By  the  sinking  of  the 
ground,  owing  to  the  solution  and  removal  of  the  rocks  underneath ;  3d. 
By  the  erosive  action  of  glacier  ice. 

1.  From  what  has  already  been  said,  it  is  evident  that  if  rock- 
basins  are  due  in  any  case  to  the  effects  of  subterranean  movements, 
the  latter  must  have  been  of  late  date,  and  hence  that  no  appeal  can  be 
made  (as  is  often,  however,  done)  to  aboriginal  upheavals  and  firactures. 
It  is  conceivable  that  lakes  may  be  formed  by  subsidence,  either  (a) 
wide-spread,  or  (6)  local. 

(a)  The  depression  of  a  chain  of  mountains,  until  the  upper  ends  of 
the  valleys  were  thus  sunk  beneath  the  level  of  the  lower  parts,  might 
turn  these  valleys  into  lakes.  Sir  Charles  Lyellt  proposed  this  expla- 
nation to  account  for  the  larger  lakes  of  the  Alps  ;  but,  as  Professor 
Ramsay  showed,  it  would  require  a  former  elevation  of  the  chain,  which 
is  incredible,  and  even  then  it  would  not  account  for  the  existence  of 
such  lakes  as  those  of  Geneva  or  NeufchateL  %  The  explanation  may 
in  some  cases  be  theoretically  possible,  but  it  does  not  seem  to  have 
been  verified  by  any  actual  case  in  nature. 

(&)  Some  lakes  may  have  been  formed  by  special  subsidence  of 
their  own  area.  This  is  perhaps  the  origin  of  the  great  equatorial 
lakes  of  Africa,  as  it  undoubtedly  is  of  the  Dead  Sea  and  other  areas 
of  inland  drainage.  This  explanation,  however,  is  one  which  it  is  often 
difficult  satisfactorily  to  establish,  and  it  is  certainly  in  most  cases  called 
in  only  because  no  other  seems  adequate  to  explain  the  phenomena. 
The  idea  that  lakes  are  formed  by  synclinal  troughs  of  the  strata,  or  by 
gaping  rents  in  the  earth's  crust,  arises  from  inadequate  or  erroneous 
conceptions  of  geological  structure  and  denudation.  § 

2.  When  the  rocks  underneath  the  surface  are  of  a  kind  which  is 
easily  dissolved  and  removed  by  water,  subsidence  of  the  ground  some- 
times takes  place.      Clays  and  sandstones,  overlying  beds  of  rock- 

•  8crope'8  Voloanoe$  qfCmtral  Frane$,  M  ed.  p.  M.  f  flemenfa,  Sth  ed.  p.  170. 

X  BMmBB,y,PhiL Mag.  April  1866.       f  Bm  Ranuay,  Quart  Jowm.  GwL  Soc  rol  xviiL  p.  189. 
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salt,  sometiines  sink  gradually  down  into  hollows  as  the  salt  is  removed 
from,  beneath  them.  In  limestone  districts,  also,  this  action  is  to  be 
seen  in  the  way  in  which,  when  the  roofs  of  the  subterranean  caverns 
fall  in  and  the  outlet  of  the  water  is  choked  up,  lakes  are  formed  on 
the  surface.  Many  examples  occur  "  on  the  lower  grounds  of  the 
county  of  Gklway  and  the  neighbouring  parts  of  Ireland,  where  they 
are  celled  '  turloughs.'  Some  of  them  are  even  a  mile  or  two  in  length, 
their  flat  bottoms  being  meadows  in  summer  and  lakes  in  winter.''^ 

3.  The  idea  that  rock-basins  have  been  scooped  out  by  ice  was  first 
started  by  Professor  Ramsay  in  the  year  1859,  and  has  since  then  been 
steadily  gaining  ground  among  geologists,  t  He  pointed  out  that  lakes 
are  most  numerous  in  northern  latitudes  where  the  countries  afford 
evidence  of  having  been  once  covered  thickly  with  ice,  and  that  they 
decrease  in  numbers  as  we  go  southwards,  away  from  tiie  ancient  ice- 
fields. He  showed,  moreover,  that  the  rock-basins  lie  in  denuded 
hollows,  and  that  their  sides  and  bottom  are  often  covered  with  the 
characteristic  grooves  and  striao  graven  on  the  rocks  by  the  ice.  Hence 
there  can  be  no  doubt  that  ice  once  filled  the  basins,  and  not  only  so, 
but  moved  into  and  out  of  them.  But  this  could  not  take  place  with- 
out erosion  of  the  rockr ;  where  the  rocks  were  more  easily  worn  down, 
or  where  the  pressure  of  the  ice  was  greatest,  hollows  would  necessarily 
be  formed  ;  and  on  the  retirement  of  the  ice,  these  hollows,  unless  pre- 
viously filled  up  with  sediment,  would  be  occupied  by  water  and  form 
lakes.  The  size  and  depth  of  the  hollows  would  depend  upon  the 
varying  resistance  offered  by  the  rocks,  the  size  and  slope  of  the  glacier, 
and  the  form  of  the  ground.  The  lakes  of  the  Alps  lie  in  the  paths  of 
former  great  glaciers,  and  this  is  true  also  of  the  lakes  of  Wales,  Cumber- 
land, Scotland,  and  Ireland.  In  Finland,  and  in  Canada,  where  the 
lakes  occur  in  thousands,  the  wonderfully  ice-worn  aspect  of  the  surfiu^ 
shows  that  these  regions  were  buried  imder  a  great  sheet  of  ice,  like 
that  of  modem  Greenland,  t 

That  this  explanation  is  the  true  one  for  the  vast  majority  of  lakes 
in  the  northern  hemisphere  is  coming  to  be  gradually  perceived  even 
by  those  who  at  first  were  most  opposed  to  it  When  we  accept  its 
guidance,  the  apparent  anomaly  of  the  existence  of  deep  hollows  on  a 
land  surface,  undergoing  constant  denudation,  is  removed.  For  we  see 
that,  in  place  of  being  abnormal,  these  hollows  are  themselves  but  proof 
of  one  of  the  many  ways  in  which  the  land  is  worn  away.§ 

*  MS.  note  lyy  Mr.  Jakes. 

t  See  '*  The  Old  Glaciers  of  Wides,**  tn  Peaks,  PoMet,  and  daeiert,  1st  series,  pablished 
afterwards  in  a  separate  work ;  also  his  great  paper  **On  the  Glacial  origin  of  eertain 
Lakes  in  Switaerland,  iui,**  Quart,  Jowr.  Owl  Soe.,  zvUi.  p.  186. 

%  See  onto,  p.  409. 

f  There  is  a  rather  volnminons  ttteratore  on  this  snl^eot.  The  few  following  references 
may  guide  the  student :— <1. )  Supporters  of  th$  theory  of  wndoryf^imiui  movesieitto  .*— Morohlson, 
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2.  Plains  Ain>  Table-lands. 

Plains  may  be  said  to  be  of  two  kinds — Plains  of  Denudation  and 
Plains  of  Fonnation. 

Plains  of  Formation,  properly,  are  those  beneath  whicb  the  rocks 
not  only  retain  their  original  horizontality,  bat  the  sorfiace  of  which  ia 
the  surfeu^  of  the  last  bed  that  was  formed  there.  Deltas  and  alluvial 
flats  of  rivers  are  almost  the  only  places  where  these  conditions  are 
fulfilled  to  the  letter.  The  term,  however,  may  be  extended  to  include 
flat  areas  at  any  elevation  above  the  sea,  ^m  which  no  considerable 
thickness  of  beds  has  ever  been  removed.  The  surface  of  the  De^rt 
of  Sahara  may  be  such  a  plain,  as  also  those  of  the  interior  of 
Australia,  of  the  Pampas  of  South  America,  of  large  tracts  in  the 
northern  part  of  Siberia,  of  much  of  Poland  and  the  adjacent  parts  of 
Europe,  and  even  the  flat  lands  along  the  eastern  coast  of  England, 
and  some  of  those  of  Central  France.  It  is,  however,  very  doubtful  in 
many  of  these  cases  what  is  the  actual  amount  of  matter  which  has 
been  removed  from  off  the  present  surface. 

Plains  of  Denudation  are  those  where  a  horizontal  surfeice  has  been 
worn  out  of  rocks  by  denudation,  irrespective  altogether  of  their  incli- 
nation, fractures,  curvings,  or  other  geological  characters.  Such  plains 
appear  necessarily  to  be  of  marine  origin,  since  they  may  be  regarded 
as  the  former  downward  limit  of  the  denudation  of  a  country  which 
had  been  previously  wasted  by  subaerial  and  marine  action.*  The 
limestone  plains  of  the  interior  of  Ireland  are  good  instances  of  this 
case,  since  they  were  obviously  once  covered  by  a  vast  thickness  of 
Coal-measures.  The  New  Red  Sandstone  plains  of  England  were  in 
like  manner  formerly  covered  by  the  Lias  at  least,  if  not  more  or  less 
completely  by  the  Oolites,  and  even  much  of  the  chalk.  Whenever 
outlying  hills  or  basins  of  superior  rocks  are  scattered  over  such  plains, 
the  denudation  of  the  intervening  portions  may  be  fairly  assumed  to 
have  occurred,  and  therefore  that  the  surface  of  the  plains  themselves 
is  one  that  has  been  exposed  by  the  removal  of  its  former  cover. 

Table-lands. — When  a  plain  of  denudation  is  elevated  to  a  height 
of  several  thousand  feet  above  the  sea,  so  as  to  form  a  great  inland 
high-lying  area  of  tolerably  level  or  undulating  ground,  it  is  called  a 
table-land.     It  is  evident,  however,  that  no  such  area  could  be  raised 

Proe,  OeograpK  Soe.  for  1864.  J.  Ball,  PhU.  Mag.  1803,  p.  81.  Desor,  Revue  Suiste,  186d. 
OtHHrgtbau  der  Alpen,  18S5,  p.  118  et  9eq.  Lyell,  Antiquity  €f  Afan,  p.  816;  ElewkoUs^  p. 
170.  Studer,  Arckivu  du  Seitncet  Phys,  et  Natur.  tome  xix.  (1868).  Favre,  PhO.  Moi^ 
March  1865.  (2.)  Supparten  qf  the  ice-^roeion  theory : — Ramsay,  in  the  papers  already  cited. 
Jokes,  Reader,  12th  March  1864.  Qeikie,  Trans.  GeoL  Soe.  Gla*g<np,yoL  I  (1863X  p.  86;  and 
liL  (1868X  p.  180.  Belt,  Quart.  Jour.  GeoL  Soe.  xx.  p.  468 ;  Haast,  Op.  ciL  xzi.  p.  130.- 
CoDsult  also  Butimoyer's  Thdl-und  See-Bildmng,  1869,  p.  79  et  §eq. 
*  See  ante,  p.  438. 
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into  that  positioii  without  beginsing  to  suffer  £rom  eubaerial  denuda- 
tion.* The  more  ancient  the  table-land,  the  more  would  it  be  denuded, 
until  in  the  end  it  might  become  difficult,  if  not  impossible,  to  recog- 
nise the  traces  of  the  original  plain,  the  whole  area  having  been  con- 
verted into  one  of  wide  valleys  and  deep  gorges,  with  lofty  hills  and 
mountains  between  them.  Examples  may  be  found  in  different  parts 
of  the  world  of  the  various  stages  in  this  process  of  the  denudation  and 
gradual  destruction  of  the  characteristic  features  of  a  table-land.  In 
Scandinavia,  for  example,  the  great  mass  of  high  ground  which  runs 
northward  along  the  whole  extent  of  Norway  is  an  ancient  table-land 
carved  out  of  highly-inclined  contorted  and  metamorphosed  palaeozoic 
rocks.  But  subaerial  denudation  has  been  at  work  upon  it  so  long, 
that  it  is  cut  up  in  all  directions  by  glens  and  fjords.  Yet  large  frag- 
ments of  the  old  flat  surface  remain,  and  are  known  as  £eld,  as  in  the 
well-known  Dovre-Qeld,  and  in  those  which  serve  as  the  great  snow- 
plains  from  which  the  Norwegian  glaciers  descend.  And  even  where 
the  ground  has  been  cut  up  most  into  fjords  and  valleys,  we  find  on 
ascending  to  the  tops  of  the  intervening  ridges  that  the  summits  of  the 
hills  undulate  up  to  the  same  average  level — ^that  level  representing 
approximately  the  original  surface  of  the  table-land,  before  the  excavar 
tion  of  the  valleys  and  consequent  isolation  of  the  ridges  and  hills,  t 
In  Wales  and  in  Scotland  the  same  average  height  among  the  Silurian 
mountains  is  found  associated  with  strips  and  fragments  of  the  old 
table-land  otfjeld  out  of  which  these  mountains  have  been  carved,  t 

3.  Mountains  and  Hills. 

Properly  to  imderstand  the  history  of  the  origin  of  the  form  of  a 
hill  or  mountain,  it  is  necessary  to  understand  first  of  all  the  geological 
structure  of  the  eminence.  If  this  precaution  had  always  been  taken, 
the  literature  of  geology  would  have  been  saved  from  much  profitless 
and  even  absurd  disquisition.  It  is  not  enough,  however,  that  we 
should  study  the  structure  of  the  rocks  ;  we  must  at  the  same  time 
trace  out  the  effects  of  denudation  upon  them.  Only  by  this  combined 
study  of  external  and  internal  features  can  we  hope,  with  any  approach 
to  certainty,  to  unravel  the  often  complicated  history  of  mountains. 

Belation  between  Bxtemal  Form  and  IntemaJ  Structure. — The 
fact  that  mountains  are  frequently  found  to  be  formed  of  crystalline, 

*  That  is,  of  coarse^  if  the  elevated  area  were  one  sntiJect  to  the  action  of  rain,  snow, 
glaciers,  or  rivers. 

t  It  need  hardly  be  pointed  ont  that,  as  sabaerial  denudation  has  affected  the  tops  of 
the  ridges  and  the  sarface  of  the  IJelds,  as  well  as  the  sides  and  bottoms  of  the  valleys,  the 
existing  hUl-tops  and  Augments  of  the  old  platean  can  only  ^proximately  represent  the 
level  of  the  old  table-land. 

X  See  Bamsay's  PKyt.  Gtog.  BrU.,  lect  ia  ;  and  GeOde's  Scenery  of  Scotland,  chaps,  t. 
tL  andix. 
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contorted  and  fractnied  strata,  has  been  a  fhutfnl  source  of  misconception 
and  error,  because  observers,  dwelling  upon  that  striking  feature,  have 
neglected  the  other,  but  not  less  marked,  aspect  of  mountains — their 
proofs  of  enormous  denudation.  Appeals  are  oft»n  made  to  moun- 
tainous tracts  of  crumpled,  broken  rocks,  as  retaining  in  great  measure, 
on  their  still  existing  surface,  the  "  aboriginal  outline  **  impressed  upon 
it  by  ancient  upheavals  and  fractures.  The  Scottish  Highlands,  for 
example,  are  cited  in  illustration  of  this  supposed  relationship  of 
external  form  to  internal  structure.  Tet  a  little  reflection  should 
suffice  to  show  that  the  relationship  must  be  wholly  illusory.  In  the 
case  of  the  Scottish  Highlands,  for  instance,  it  can  be  demonstrated,  by 
the  simplest  kind  of  geological  reasoning,  that  the  crumpling  of  the 
gneiss  and  schist  must  have  happened  previous  to  the  formation  of  the 
Old  Red  Sandstone.  If,  then,  the  present  features  of  the  surface  had 
been  due  to  the  crumpling  and  fracture  of  the  rocks,  they  must  date 
from  a  time  anterior  to  the  Old  Red  Sandstone.  It  would  follow,  either 
that  the  time  during  which  the  Old  Red  Sandstone  was  accumulated 
could  not  be  removed  by  any  long  period  from  our  own  day,  for  other- 
wise the  original  outlines  of  the  surface  would  have  been  obliterated  by 
atmospheric  waste,  acting  even  no  faster  than  it  is  doing  now  ;  or  that 
the  rate  of  denudation  (and  consequently  of  deposition)  must  have  been 
in  past  time  indefinitely  slower  than  at  present  Both  these  supposi- 
tions go  in  the  face  of  all  received  geological  belief. 

But  what  is  true  of  the  Scottish  Highlands  is  equally  so  of  other 
districts  where  ancient  metamoiphic  rocks  rise  into  rugged  outlines  at 
the  surface.  If  such  outlines  had  been  produced  so  long  ago  as  the 
time  of  the  Old  Red  Sandstone  or  Silurian  formations,  it  is  clear  that, 
in  the  interval  which  has  since  elapsed,  the  common  forces  of  denudation 
must  have  been  wholly,  or  almost  wholly,  inoperative.  Had  these  forces 
acted  even  in  the  feeblest  manner  conceivable,  it  is  incredible  that  any 
vestige  of  a  land-surface  should  have  retained  its  original  contour  during 
the  lapse  of  all  the  ages  which  have  passed  away  since  the  middle  of 
the  pabaozoic  period.  But  we  have  only  to  look  at  the  vast  thickness 
of  stratified  rocks  deposited  during  these  ages,  to  see  that  the  forces  of 
denudation  were  far  from  idle  ;  that,  on  the  contrary,  they  were  pro- 
bably at  least  as  active,  on  the  whole,  as  they  are  now.  Hence  we  are 
shut  up  to  the  conclusion  that  if  the  crumpling  and  fracturing  of  the 
crust  of  the  earth  during  palaeozoic  times  gave  rise  to  broken  and  rugged 
land-surfaces,  such  surfaces  could  not  withstand  the  ordinary  wear  and 
tear  of  the  common  denuding  agents,  but  must  long  ago  have  been 
eflEaced.* 

If  we  reflect  still  further  on  the  general  geological  structure  of 
mountains,  we  are  led  to  perceive  that,  in  the  great  foldings  into  which 

•  Trans.  OeoU  Soc  Glasgow^  voL  iii.  p.  177. 
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the  strata  have  been  thrown,  the  depth  to  which  any  given  set  of  beds 
most  descend  into  the  earth  is  vastly  greater  than  the  height  which  the 
same  beds  ever  reach  above  the  sea-leveL*  There  can  be  no  reason 
for  this  difference  except  in  the  fact  that  in  the  downward  curves  the 
beds  remain  preserved  in  the  earth,  while  in  the  uplifted  parts  the 
locks  have  been  brought  within  the  influences  of  denudation,  and 
bence  that  our  hills  and  moimtains  are  but  the  ruined  fragments  of 
the  mass  of  rocks  which  once  existed.  The  following  illustration,  from 
the  geology  of  Wales,  will  make  this  line  of  argument  dear. 

"  The  Silurian  rocks  of  Wales  have  been  thrown  into  great  folds,  which  can  be 
traced  out,  and  have  been  shown  in  the  maps  and  sections  of  the  Cieological  Sur- 
vey.   Their  nature  is  indicated  in  Fig.  141,  which  has  been  suggested  by  the 
Survey  pcctions.t     The    summit    of 
Snowdon  rises  over  the  centre  of  a  --,, 

synclinal    trough,    from    underneath  *"*-., 

which  the  lower  beds  rise  steeply  all 

the  way  to  the  Menai  Straits  and  into     --.. 

Anglesea.  The  peak  of  the  mountain, 
therefore,  stands  in  the  centre  of  an 
area  of  comparative  depression,  while 
the  greatest  movement  of  elevation, 
that  which  has  brought  the  most 
deeply-seated  rocks  up  above  the  sea- 
level,  is  in  the  part  where  there  is 
comparatively  low  land  on  each  side 
of  the  Menai  Straits.  The  thickness 
of  rock  that  'takes  the  ground'  be- 
tween the  Menai  Straits  and  the  sum- 
mit of  Snowdon  amoimts  to  many 
thousands  of  feet,  and  all  that  thick- 
ness must  once  have  extended  across 
the  Menai  Straits  and  all  over  Angle- 
sea,  as  indicated  by  the  dotted  lines  in 
the  figure.  That  it  really  did  so  ex- 
tend is  proved  by  some  of  the  beds 
being  brought  in  here  and  there,  where- 
ever  there  occur  faults  with  sufficient  Fig.  141. 

downthrows^  or  troughs  with  sufficient    Diagram-section  from  Anglesea  to  Snowdon. 
curvatures,  to  bnmr  them  m  below  the       t   *vt  «    a  1.  a      j       «  ^v 

levelofthTpreeentrurfacoof  the  ground.  y,^J^^- l"ITf   ^  Z' ^ 

Mnn._i.x         X  VAjj   Menat  Straits ;  and  A,  Anglesea.    The  down- 

"These statements  may beextended  ^^ ^^^  indicate  Uie  pLition  of  the  rock 
to  the  whole  of  N  Wales,  from  under-  ^^^^  ^^^  ^^^^.  g^rfj^eeVthe  upward  dotted 
neath  which  these  lowermost  rocks  rise  ^^^  ^^^^  t^^  ^^^^^  extension  of  those 
in  several  detached  areas.     It  is  re-  removed  by  denudation, 
markable  that  in  no  case  where  these 

deeply-seated  rocks  are  raised  to  such  an  altitude  above  the  sea  is  the  surface  of 
the  ground  now  existing  over  them  higher  than  other  ground  in  the  neighbourhood. 
This  shows  that  a  great  internal  movement  of  elevation  is  not  necessarily  marked 
by  correspondingly  high  ground.     It  is  equally  remarkable  that  all  the  highest 


*  See  Hopkins,  *<  Presidential  Address,"  Quart.  Jowm.  Oeol,  Soc.,  ix.  p.  IziU. 
t  See  Professor  Ramsay's  "  Memoir  on  N.  Wales,"  Afam.  Otologioal  iSiirvey,  vol.  ilL 
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liilla  in  Wales  rise  over  points  which  have  not  been  affected  by  the  greatest  move- 
ment of  elevation,  since  much  more  deeply-seated  rocks  rise  fh>m  beneath  Uieir 
bases,  up  to  the  surface  of  the  ground,  on  one  side  or  other  of  them.'** 

All  inspection  of  any  section  upon  which  the  geolc^cal  structure  of  a  moun- 
tainous region  is  depicted,  with  even  an  approach  to  accuracy,  will  almost  invariably 
show  at  once  that  no  general  connection  can  be  traced  between  the  external  shape 
of  the  surface  of  the  ground  and  the  movements  which  have  taken  place  among 
the  rocks  below  it,  and  that  any  effect  such  movements  may  have  produced  upon 
the  surface,  which  existed  at  the  time  of  their  occurrence,  has  had  comparatively 
little  influence  on  the  form  of  the  present  surface,  for  it  can  almost  always  be  shown 
that  a  vast  thickness  of  rock  has  been  removed  since  those  movements  altogether 
ceased,  and  that  our  present  land-surfaces  are  the  result  of  that  denudation. 

**  It  is  important  also  to  bear  in  mind  that  the  internal  movements  of  disturbance 
have  definite  periods  of  occurrence,  while  those  of  denudation  can  never  cease  to 
act  upon  any  mass  of  rock  which  is  above  the  level  of  the  sea.  Denuding  action  is 
at  work  on  the  British  Islands  perhaps  with  as  great  an  intensity  as  ever  it  ordinarily 
has  been,  but  no  perceptible  internal  movement  is  going  on  ;  and  it  can  be  shown 
that  the  great  dislocations  affecting  our  mountains  ceased  in  early  geological 
periods,  and  have  not  since  been  renewed  in  any  appreciable  degree.  At  the  same 
time  the  geologist  must  recollect  that  by  far  the  greater  part  of  the  denudation  of 
the  older  rocks  is  itself  of  very  ancient  geological  date.  It  is  clear,  for  instance, 
that  some  of  the  lowest  rocks  of  North  Wales  (those  called  Cambrian)  had  been 
laid  bare  before  the  Carboniferous  rocks  were  formed.  In  Ireland,  also,  we  get 
Carboniferous  limestone  resting  on  the  Cambrian  rocks  at  Taghmore,  and  near  the 
town  of  Wexford ;  and  the  Leinster  granite  was  exposed  before  that  period  by  the 
removal  of  all  the  Silurian  slates  that  must  have  originally  covered  it.  The 
amount  of  erosion  and  denudation  which  took  place  during  the  Palseozoic  periods 
was  enormous.  Geologists  are  apt  sometimes  to  forget  this,  and  to  assign  all  the 
results  of  this  ancient  action  to  comparatively  recent  times."* 

Wliile  the  great  fact  remains  that  the  present  surface  of  our  islands 
and  continents  is  a  sculptured  surface,  variously  carved  out  by  the 
denuding  forces,  we  are  not  to  suppose  that  underground  movements 
have  had  no  influence  upon  the  ultimate  form  which  that  surface  has 
assumed.  This  influence,  however,  must,  it  is  clear,  be  of  a  very  different 
kind  from  the  influence  popularly  attributed  to  these  movements.  Its 
nature  will  be  best  imderstood  if  we  classify  and  describe  hills  accord- 
ing to  their  mode  of  origin,  as,  1st,  Hills  of  Accumulation*;  2d,  Hills 
of  Upheaval ;  3d,  HUls  of  Circumdenudation. 

1.  Hills  of  Aooumulation. — ^These  have  been  formed  by  the  piling 
up  of  materials  upon  the  surface  of  the  ground.  The  agents  by  which 
such  hills  can  be  formed  are  few  in  number,  and  consequently  the  lulls 
themselves  form  but  a  mere  fraction  of  the  total  number  of  hills  on  tiie 
earth's  surface.  Hills  of  accumulation  are  the  only  hills  originally 
formed,  as  such,  with  an  approximation  to  their  present  outlines,  though 
even  they  are  no  sooner  formed  than  they  begin  to  be  altered  by 
denudation.  The  most  important  are  volcanoes— coniail  piles  of  ashes 
and  lava  poured  out  from  beneath,  and  rising  on  mountain-chains  to 
heights  of  sometimes  20,000  feet  above  the  sea.     The  conical  shape  of 

*  MS.  notes  by  Mr.  Jukes. 


HILLS  OP  UPHEAVAL.  469 

a  volcano  is  due  to  the  effusion  of  material  round  a  central  orifice,  aad 
its  size  and  height  to  the  quantity  of  material  which  has  been  thence 
ejected.*  Minor  hills  and  ridges  are  formed  by  the  action  of  the  wind 
upon  loose  drifting  sand^t  and  still  smaller  eminences  of  shingle  are 
sometimes  raised  by  the  breakers  along  a  coast-lineJt 

2.  Hilla  of  UpheavaL — ^All  dry  land  is  due  primarily  to  the  upheaval 
of  the  sea-bed.  Some  portions  have  been  raised  more  than  others.  Out 
of  such  portions  most  of  the  mountain-chains  of  the  globe  have  been 
formed.  But  it  is  seldom,  if  ever,  that  the  inequalities  of  the  original 
surface  of  upheaval  remain  as  the  inequalities  of  the  existing  land- 
6ur£Eice.  Even  where  a  mountain-slope  corresponds  with  the  exposed 
surface  of  a  bed  of  rock,  it  can  almost  always  be  shown  that  this  surface 
at  the  time  of  upheaval  was  covered  with  other  rock  now  removed. 
Some  remarkable  examples  of  the  coincidence  of  lines  of  anticlinal  axis 
with  lines  of  elevated  ridges  occur  in  the  Jura.  The  drawings  usually 
given  of  that  structure,  however,  convey  an  erroneous  impression  that 
&e  present  contour  remains  very  much  as  it  was  left  by  the  subterranean 
movements.  But  if  we  examine  the  groimd  with  even  moderate  atten- 
tion, we  soon  find  proof  that,  though  it  is  there  undoubtedly  true  that 
the  ridges  are  formed  of  anticlinal  and  the  valleys  of  synclinal  folds, 
there  has  yet  been  a  vast  deal  of  denudation  in  progress  over  the  sur- 
flEtce  since  the  date  of  the  contortions.    The  subjoined  figure  represents 

Fig.  142. 

Diagnm-aectioii  of  antidinal  and  synclinal  folds  of  Upper,  Middle,  and  Lower  Jorassic 

locks,  fonning  hilla  and  valleys  in  the  Jura. 

the  structure  of  the  ground  in  the  neighbourhood  of  Miinster.  It  will 
be  seen  that  although  the  anticlinal  ridges  form  hills,  and  the  synclinal 
curves  give  rise  to  valleys,  yet  here,  as  in  more  complicated  structures, 
denudation  has  so  affected  the  general  surface  that  the  highest  beds  are 
foimd  in  the  valleys  and  the  lowest  on  the  hill-tops. 

The  simple  structure  of  the  Jura  Mountains  is  of  rare  occurrence  in 
nature.  §  Most  mountain-chains  consist  of  many  complicated  lines  of 
anticlinal  and  synclinal  folds,  broken  through  by  faults,  and  the  rocks 
are  often  not  merely  folded  but  violently  crumpled  and  metamorphosed. 
A  mountain-chain  may  be  composed  of  many  subordinate  ranges,  and 
while  the  general  direction  of  the  folds  of  the  rocks  will  coincide  with 
that  of  the  chain,  there  may  be  endless  local  diversities  between  them. 

*  See  anU,  Chap.  XIX  p.  S45.  t  See  ante,  p.  878.  X  Bee  ante,  p.  415. 

f  See  by  way  of  comparison  the  somewhat  analogous  stmctnre  of  the  Appalachians,  as 
shown  in  the  maps  and  sections  of  Roger's  Ptnntylvanian  Survey;  also  in  Keith  Johnston's 
Fkiftical  AiUu,  and  in  J.  P.  Leslie's  Coai  and  iU  Topography. 
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The  coincidenoe  is  more  Ufiually  to  be  observed  in  the  great  folds.  The 
curves  of  minor  flexure  may  set  in  both  lengthwise  and  laterally,  since 
the  axis  over  which  the  greater  anticlinal  and  synclinal  curves  are  bent, 
often  undulates  so  as  to  allow  anticlinal  and  synclinal  folds  to  pass  into 
each  other. 

Except  the  coincidence  in  general  linear  direction,  the  external 
features  have  no  necessary  connection  with  the  internal  curves  of  the 
rocks.  A  chain  formed  of  several  parallel  ranges  may  have  only  one 
anticlinal  fold,  the  parallel  ranges  and  longitudinal  valleys  being  formed 
on  the  outcrop  of  parallel  groups  of  beds  of  variable  rates  of  destructi- 
biHty.  A  chain  of  complicated  internal  structure  may  have  a  simple 
external  outline,  or  one  of  great  internal  simplicity  of  structure  may 
have  a  most  broken  and  complicated  outline,  these  variations  being 
lai^ely  due  to  the  varying  resistance  presented  by  the  different  rocks  to 
the  progress  of  denudation.  The  axis  of  a  sjmdinal  trough  is  frequently 
marked  by  an  external  ridge  ;  while,  on  the  other  hand,  a  deep  valley 
runs  along  the  crest  of  an  anticlinal  saddle.  This  is  precLsely  the 
reverse  of  what  ought  to  be  the  contour  of  the  ground  if  the  latter  were 
due  directly  to  underground  movements.  That  which,  in  geological 
structure,  diould  be  a  mountain,  is  found  to  be  a  valley,  and  what  might 
be  expected  to  form  a  valley  rises  up  as  a  hill  or  mountain.  In 
endeavouring  to  account  for  this  feature,  we  may  suppose  that  in  some 
cases,  at  least,  there  was  an  actual  longitudinal  fracture  produced  by  the 
great  tension  of  the  rocks  along  the  crest  of  the  anticlinal  fold,  and  that 
this  fracture  was  subsequently  widened  by  denudation  into  a  valley.  It 
is  highly  probable,  however,  that  in  a  great  many  instances  the  folds 
were  not  formed  suddenly,  but  very  slowly — so  slowly,  perhaps,  that 
the  tops  of  the  anticlinal  ridges  were  worn  down  by  denudation  as  fast 
as  they  rose,  more  especially  if  the  strata  first  removed  were  underlaid 
by  others  possessing  less  power  of  resistance.  It  is  evident,  also,  that 
the  strata  of  an  anticlinal  ridge,  sloping  with  its  slopes,  would  be  much 
more  likely  to  break  up  and  slip  down  the  incline  in  fragments  than 
where,  as  in  a  sjmclinal  trough,  they  dipped  inward  from  the  surface 
and  presented  merely  their  edges  to  denudation.  The  tendency  of  rocks, 
curved  into  basins,  to  resist  denudation  better  than  in  anticlinal  curves, 
and  thus  to  form  hills,  while  the  latter  sink  into  valleys,  may  be  recog- 
nised not  only  among  comparatively  little  disturbed  tertiary  and  second- 
ary formations,  but  even  among  contorted  and  metamorphosed  schists.' 

While  there  is  thus  no  general  coincidence  between  the  anticlinal 
and  synclinal  curves  and  the  surface-slopes,  there  is  equally  little 
between  the  contortions  of  the  rocks  and  the  irregularities  of  the  sur- 
face. It  requires  only  a  moment's  reflection  to  perceive  that  the  mere 
existence  of  crumpled  and  contorted  rocks  at  the  surface  is  a  proof  of 

*  See  Topley,  Geol.  Mag,,  Hi.  p.  488,  and  the  autborities  cited  by  him. 


HILLS  OF  UPHEAVAL. 


471 


enoTmoTis  denudation,  and  consequently  of  the  disappearance  of  the 
original  surface.  The  well-known  contortions  so  wonderfully  exhibited 
along  the  mountainous  sides  of  the  Lake  of  the  Four  Cantons,  while 
they  afford  memorable  evidence  of  the  enormous  plication  of  the  rocks 
which  attended  the  elevation  of  the  Alps,  show  also  that  the  present 
surface  of  the  mountains  has  only  been  attained  after  the  removed  of  an 
enormous  mass  of  rock  which  existed  when  the  rocks  were  contorted. 

In  hills  of  upheaval,  then,  we  must  regard  the  function  of  the 
underground  forces  to  have  consisted  mainly  in  the  elevation  of  the 
mass  of  high  ground,  and  the  production  of  its  geological  structure, 
sim|de  or  complex  as  that  may  be.  The  subsequent  sculpturing  of  this 
mass  of  high  ground  into  peak  and  crest,  moimtain  and  valley,  lake 
and  ravine,  has  been  the  work  of  denudation.     In  Fig.  143  a  section  is 


Fig.  143. 
Hills  of  upheaval. 

given  across  a  supposed  mountain  range  formed  out  of  one  large  anti- 
clinal fold,  with  minor  curves  along  its  crest  In  this  illustration  we 
see  that,  as  before,  the  lowest  beds  which  come  to  the  surfiEuse  are  those 
of  the  hill-tops,  while  the  beds  which  are  highest  in  geological  position 
lie  at  the  lowest  levels,  and  slope  away  from  the  range  to  the  plains 
below.  This  is,  in  a  general  way,  the  structure  of  most  great  mountain- 
chains,  and  it  shows  how  the  underground  and  surface  agencies  combine 
to  produce  some  of  the  most  marked  features  on  the  surface  of  the  globe. 
The  elevation  of  a  moimtain-chain  has  sometimes  taken  place  not 
in  one  continuous  movement,  but  at  intervals.  This  is  shown  by  the 
successive  unconformable  junctions  of  the  rocks  of  which  it  is  composed. 
From  these  junctions,  too,  we  learn  that  the  intervals  were  employed 
in  the  denudation  of  the  previously-tilted  rocks,  and  the  formation  of 
new  rocks  out  of  their  debris.     In  Fig.  144,  for  example,  the  central 


A 

Fig.  144. 
Section  of  a  mountain-chain,  indicating  three  periods  of  upheaval. 

group  (A)  of  crumpled  metamorphosed  rocks  and  granite  was  upheaved 
and  denuded  before  the  deposition  of  the  series  B ;  the  latter  was  tilted 
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and  worn  away  before  the  third  group  (Q  was  laid  down,  while  that 
group  has  in  turn  been  elevated  and  denuded.  In  this  chain,  therefore, 
we  have  evidence  of  three  successive  movements,  and  of  a  long  process 
of  denudation  which  has  been  going  on  ever  since  the  first  lidge  of  the 
range  rose  above  the  sea. 

The  occurrence  of  igneous  rock  among  the  uptilted  aqueous  ones 
will  of  course  produce  its  effect  on  the  form  of  the  surDace  over  it,  but 
it  is  an  indirect  effect,  due  to  the  difference  of  denuding  action  upon 
rocks  of  different  composition  and  structure.  If  the  igneous  rock  resist 
that  action  better  than  the  surrounding  aqueous  rocks,  it  will  stand 
out  prominently  above  the  surrounding  surface ;  if  it  yield  more  readily, 
it  will  form  a  flat  or  a  hollow.  The  igneous  rocks  which  occur  in  the 
central  parts  of  mountain-chains  are  usually  associated  with  evidences 
of  great  contortion  and  metamorphism.  They  must  be  r^arded  as  of 
deep-seated  origin,  and  their  presence  now  at  the  surface  must  be  held 
to  be  additional  evidence  of  the  great  denudation  of  the  mountain- 
ranges  in  which  they  a^  found. 

The  occurrence  of  ancient  volcanic  rocks  in  a  mountara  or  chain 
may  produce  considerable  diversity  of  external  form.  This  never 
arises,  however,  from  the  original  superficial  contour  which  these  rocks 
assumed  at  the  time  of  ejection,  but  in  all  cases  is  the  result  of  denu- 
dation. The  volcanic  rocks  imbedded  among  the  other  geological 
formations  have  shared  in  all  the  foldings  and  fractures  which  th^e 
formations  have  suffered ;  and  if  they  now  rise  into  bold  crags  and 
mountains,  it  is  because  their  compact  texture  has  enabled  them  better 
to  withstand  the  attacks  of  the  denuding  forces  which  have  worn  away 
the  other  and  softer  rocks. 

Where  modem  volcanic  rocks  occur  in  a  mountain-chain,  as  in  the 
Andes,  they  give  rise  to  the  characteristic  forms  of  hills  of  accumula- 
tion. But  they  are  at  once  attacked  by  the  denuding  agents,  and 
unless  from  time  to  time  renewed  by  the  ejection  of  fresh  volcanic 
materials,  they  come  in  the  end  to  be  unequally  worn  away,  according 
to  their  varying  powers  of  resistance,  just  as  all  other  rocks  do. 

3.  Hills  of  Cirotimdenudation. — ^While  the  class  of  hills  just  de- 
scribed owes  its  mass  and  linear  direction  to  the  upheaval  of  a  strip  of 
the  earth's  crust,  there  is  another  class  in  which  the  mass  and  direction 
have  been  determined  by  surface  action.  These  may  be  termed  HilU 
of  Circumdenudation.*  They  are  fragments  which  have  been  left  in 
the  denudation  of  a  mass  of  high  groimd.  Between  this  fonn  of  hill 
and  table-lands,  there  is  the  closest  connection.  When  a  table-land 
begins  to  be  furrowed  by  streams,  and  gradually  carved  out  into  valley- 
systems,  the  spaces  of  higher  ground  between  the  valleys  rise  up  as 
hills  of  circumdenudation.  The  denudation  may  go  on  until  the  form 
*  This  term  waa  used  by  Hr.  Jakes  in  the  preTioos  edition  of  this  Work. 
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of  the  original  table-land  is  lost,  and  in  its  stead  there  appears  a 
system  or  systems  of  yalleys,  with  wavy,  irregolar  mountain-ridges 
between  them. 

In  this  prolonged  process  of  denudation  the  influence  of  the  geolo- 
gical structure  of  the  rocks  is  not  unimportant  While  the  harder 
masses  will  always  tend  to  fonn  hills,  and  the  softer  rocks  are  worn 
into  valleys,  the  position  of  anticlinal  and  synclinal  curves,  alternations 
of  varioufdy-composed  strata,  faults,  and  other  features,  may  serve  to 
guide  the  course  of  the  denuding  agents. 

The  simplest  form  of  a  hill  of  this  kind  is  furmshed  to  us  by  one 
of  the  outliers  so  abundant  along  the  edge  or  escarpment  of  the  second- 
ary strata  of  England.  In  Fig.  134,  p.  439,  the  outlier  B  is  a  lull  of 
drcumdenudation  formed  by  the  destruction  of  the  table-land,  which 
has  its  front  or  escarpment  at  A.  The  strata  may  either  be  very  gently 
inclined,  as  in  that  flgure,  or  they  may  be  quite  horizontal  or  curved, 
as  in  Fig.  145.     When,  however,  we  come  to  examine  some  of  the 


Fig.  145. 
Hills  of  circomdenadatioii,  fonned  of  horixontal  and  curved  stnta. 

ancient  table-lands  of  palseozoic  rocks,  we  find  the  strata  composing 
them  to  be  violently  contorted,  and  often  quite  vertical  (Fig.  146).     In 


Pig.  146. 
Hills  of  drcomdenadation  and  fhigment  of  table-land,  fonned  of  contorted  and 

foliated  rocks. 

Scandinavia,  for  example,  the  rocks  are  of  this  kind,  and  the  table-land 
formed  of  them  has  been  deeply  trenched  by  valleys  and  flords,  and 
turned  into  branching  ridges  of  denuded  mountains.  In  Wales,  the 
Lake  country,  and  in  the  Southern  Uplands  and  the  Highlands  of 
Scotland,  we  see  other  illustrations  of  ancient  plains  or  table-lands  of 
contorted  palseozoic  rocks,  which  have  been  so  sculptured  by  the 
denudation  of  their  valley-systems  as  to  be  turned  into  connected 
groups  of  hiUs  and  ridges  of  drcumdenudation. 

Influence  of  the  Weatherins  of  Books  upon  Mountain  Outlines. 
— ^While  the  external  forms  of  hills  are  often  largely  determined  by 


474  GEOLOGICAL  AGENCIES. 

geological  structore,  the  variations  in  the  modes  of  weathering  of  the 
rocks  give  rise  to  endless  diversities  of  minor  features.  Each  well- 
marked  variety  of  rock  has  its  own  style  of  weathering,  and  conse- 
quently its  characteristic  scenery.  Those  rocks  which  occur  in  thick 
horizontal  or  gently-inclined  beds,  such  for  example  as  limestones, 
sandstones,  and  some  forms  of  trappean  rocks,  often  form  terraced  hills, 
the  terraces  being  due  to  the  edges  or  outcrops  of  the  successive  beds. 
A  thick  bed  or  series  of  beds,  of  comparatively  hard  rock,  resting  upcoi 
soffcer  strata,  gives  rise  to  an  escarpment  Unstratified  rocks,  with  no 
very  definite  divisional  planes,  fonn  conical  mountains,  as  is  the  case 
with  many  porphyries.  Rocks  which  weather  rapidly  along  the  joints 
and  outer  surface,  as  granite  so  frequently  does,  give  rise  to  ton,  pin- 
nacles, and  rocking-stones.  lines  of  bedding,  cleavage,  or  foliation, 
among  hard  altered  strata,  are  often  revealed  by  the  serrated  ouUine 
which  they  produce  along  the  bare  crests  of  the  ridges  and  peaks.* 

Origin  of  Bsoarpments. — An  escarpment  is  a  clifif  or  precipitous 
bank  formed  by  the  outcrop  of  a  bed  or  series  of  beds  of  harder  con- 
sistency than  those  on  which  they  rest  It  only  occurs  where  the 
strata  are  not  steeply  inclined,  or  are  horizontal  When  the  inclination 
rises  to  a  high  angle,  the  outcrop  of  the  harder  beds  may  form  a  ridge 
at  the  surface,  but  not  an  escarpment  The  reason  of  this  appears  to 
be  that  the  escarpment-face  tends  to  coincide  with  the  larger  joints, 
and  thus  to  rise  at  a  right  angle  to  the  dip.  If  the  wasting  of  the 
rock  were  imiform  over  its  exposed  surface,  and  if  the  weathered 
portion  were  removed  as  soon  as  detached,  the  escarpment  would  be 
perpendicular  to  the  plane  of  dip.  If  in  this  case  the  beds  were  hori- 
zontal, the  escarpment  would  of  course  be  vertical ;  if  they  dipped  at 
10^  the  face  of  the  escarpment  would  measure  80^;  at  a  dip  of  20^ 
the  cliff  would  rise  at  an  angle  of  70°.  So  that  the  farther  the  dip  of 
the  strata  deviated  from  the  horizontal,  the  farther  would  the  face  of 
the  escarpment  depart  from  verticality.  But  in  actual  fact  we  seldom 
find  this  ratio  to  hold  very  strictly,  for  the  upper  parts  of  the  cliff, 
being  exposed  both  above  and  on  their  steep  face  to  denudation,  are 
worn  away  faster  than  the  lower  parts,  while  these  are  further  protected 
by  the  ruins  of  the  diff  gathering  over  them.  Hence  escarpments  are 
usually  blunted,  and  not  so  steep  as  we  might  at  first  expect  them  to 
be.  The  steepest  are  those  which  are  formed  by  the  outcrop  of  hoii* 
zontal  beds,  where  the  detritus  which  fedls  from  the  difb  is  rapidly 
disintegrated  and  removed. 

Escarpments,  depending  as  they  do  on  the  outcrops  of  strata,  follow 
the  course  of  these  outcrops,  and  wind  about  with  theuL     They  thus 

*  See  Mr.  Raskin's  Modem  Painters,  vol.  iv.,  for  eloquent  disquisitions  on  mooBtaZB- 
fonn  and  mountain-structure.  The  student  may  also  be  referred  to  the  Editor's  SoiMTf  ^ 
Seotlandf  chap.  vilL 
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often  resemble  long  lines  of  old  sea-cliff,  and  their  trend  inland  has 
frequently  been  described  as  that  of  ancient  sea-margins.  But  though 
there  is  a  general  resemblance  to  sea-difb,  it  disappears  on  closer 
examination*  An  escarpment  keeps  to  the  outcrop  of  the  bed  or  beds 
of  which  it  is  formed,  while  a  sea-cliff  does  so  only  now  and  then,  when 
the  outcrop  happens  to  come  to  the  shore.  A  searcliff  has  its  base  at 
an  uniform  height,  corresponding  to  the  limit  of  breaker-action,  while 
an  escarpment  nses  and  falls  with  the  change  of  dip  of  its  component 
strata,  sometimes  rising  continuously  for  a  long  way,  till  its  base  at 
one  part  attains  a  much  higher  level  than  its  summit  at  another. 
These  and  other  differences  serve  to  indicate  that  escarpments  are  not 
of  marine  origin,  but  due  to  subaerial  denudation.  The  cliff  exists 
because  the  rock  of  which  it  is  composed  is  harder  than  the  rocks 
below  it ;  and  we  see  it  worn  away  still  by  the  same  agency.  Springs 
and  frosts  split  up  the  rock  or  loosen  it,  and  allow  it  to  be  wash^ 
away  by  rain.  Every  fresh  removal  allows  a  fresh  surface  to  be 
exposed,  and  as  the  detritus,  after  protecting  the  base  of  the  escarpment 
for  a  while,  is  eventually  removed,  slice  after  slice  is  cut  away  from 
the  outcrop  of  the  bed,  and  the  escarpment  recedes  across  the  country. 
The  process  will  continue  as  long  as  the  harder  bed  remains  above  the 
sea-level,  or  until,  in  the  course  of  the  recession  of  the  cliff,  some  fault 
is  reach^  by  which  the  harder  bed  has  been  depressed  beneath  the 
surface,  or  elevated  so  as  to  have  been  removed  by  an  earlier  denuda- 
tion.* 

*  See  Topley,  Oeol  Mag.  vol  Ui.  p.  436 ;  and  Whitaker,  Op,  dt  toL  iv.  p.  490. 
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CHAPTER   XXVII. 

ZOOLOGY  AND  BOTANY. 

19'atnre  of  Fossils. — ^PalsBontology  *  is  the  study  of  **  fossils."  The 
old  geologists  used  to  include  minerals  or  any  otlier  distinct  bodies 
that  were  found  in  rocks  under  the  term  "fossils."  By  "a  fossil,"  how- 
ever, is  now  meant  the  body,  or  any  portion  of  the  body,  of  an  animal 
or  plant  buried  in  the  earth  by  natural  causes,  or  any  recognisable 
impression  or  trace  of  such  a  body  or  part  of  a  body.  "  Fossils,"  then, 
are  "organic  remains,"  including  under  the  word  "remains"  even 
footprints,  or  other  such  seemingly  transient  impressions,  which  cir^ 
cumstances  have  rendered  permanent  MM.  D'Orbigny  and  Pictet 
introduce  into  their  definitions  of  the  word  "  fossil "  the  time  when 
and  the  circumstances  under  which  this  burial  took  place.  It  appean 
to  me  that  this  is  not  necessary.  Nobody  woidd  say  that  shells  lately 
thrown  up  on  the  beach,  and  covered  with  sand,  were  hwried  in  the 
earth,  while  every  accumulation  of  shells,  or  bones,  or  plants,  which 
could  be  said  to  be  buried  in  the  earth  by  any  other  than  human  agency, 
even  if  that  burial  took  place  last  year,  would  be  well  worthy  of  the 
attention  of  the  Palseontologist,  and  might  be,  without  impropriety, 
spoken  of  as  fossil.  Here,  as  elsewhere,  no  hard  line  can  be  drawn 
between  the  present  and  the  past  All  such  terms,  then,  as  suh-fossil, 
which  we  sometimes  meet  with,  are  inconvenient  and  unnecessary. 

Neither  should  we  include,  in  a  definition  of  a  "  fossil,"  any  refer- 
ence to  its  present  state.  Some  fossil  shells  found  in  comparatively  old 
rocks,  such  as  the  soft  compact  clays  of  the  Oolitic  series,  are  in  fact 
less  altered  from  their  living  state  than  many  shells  included  in  recent 
coral  reefs.  Wood  again  may  be  found  in  such  rocks  still  soft  and  bnt 
little  altered,  while  in  much  more  recent  formations  it  is  often  entirely 
mineraUsed,  and  converted  either  into  coal  or  flint,  or  sometimes  lime- 
stone. 

*  Prom  wa\eu6s,  poZoios,  ancient ;  oiro,  onta,  beings ;  \oyos,  logos,  a  discoiuse ;  t 
discourse  about  ancient  beings. 
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Any  substances  firmly  buried  in  clay,  not  impregnated  by  any 
active  mineralising  ageut^  and  not  admitting  the  passage  of  air  or 
water,  may  remain  unaltered  for  an  almost  indefinite  period.  In  the 
majority  of  instances,  however,  the  enclosing  rock  has  either  itself  con- 
tained some  active  substance,  or  has  given  passage  to  water  containing 
one  ;  or  again,  the  constituents  of  the  enclosed  body  itself  have  acted 
on  each  other,  or  on  those  of  the  surrounding  rock,  and  thus  the  fossil 
has  become  more  or  less  mineralised,  or  petrijied  as  it  is  called.  We 
have  seen  previously  *  that  rocks  themselves  undergo  great  alteration 
in  their  internal  structure  in  the  course  of  time,  and  that  minerals  are 
changed  or  metamorphosed  in  situ  from,  one  into  another  by  the  gradual 
action  of  chemical  forces.  Fragments  of  animals  and  plants,  dead,  and 
therefore  subject  to  the  mineral  laws,  as  they  might  be  called,  and  not 
to  the  laws  of  life,  must  of  course  be  subject  to  the  same  actions  as  the 
mineral  constituents  of  rocks. 

The  hard  parts  of  animals,  such  as  bones,  shells,  crusts,  and  corals, 
are  composed  principally  of  those  mineral  substances  (salts  of  lime,  etc.), 
which  are  most  easily  acted  on  by  the  most  frequently  occurring 
chemical  processes.  In  breaking  open  fragments  of  coral  lying  on  a 
coral  reef,  the  internal  parts  are  very  frequently  found  to  be  filled  with 
a  mass  of  crystalline  carbonate  of  lime,  obliterating  or  obscuring  the 
organic  structure.  A  recently-raised  coral  reef,  composed  wholly  of 
oiganic  fragments,  often  shows  to  a  cursory  view  no  more  trace  of  its 
organic  origin  than  one  of  our  crystalline  limestones  of  great  geological 
antiquity,  t  When  shells  or  corals  are  imbedded  in  any  rock  perco- 
lated by  water,  it  is  almost  impossible  for  them  to  escape  that  partial 
re-arrangement  of  their  particles  which  gives  them  an  internal  crystal- 
line structure.  The  alteration  may  go  on  untU  every  original  particle 
has  been  replaced  by  another,  what  was  once  carbonate  or  phosphate 
of  lime  being  in  the  end  replaced  by  silica,  pyrites,  or  some  other 

mineral.^ 

Still,  as  this  conversion  is  a  molecular  one,  taking  place  only  in 
the  ultimate  particles  of  the  substances,  the  organic  structure  is  often 
perfectly  preserved  during  petrifaction,  the  little  internal  pores  or  cells 
retaining  their  form  so  completely  as  to  be  recognised  by  the  micro- 
scope. It  is  as  if  a  house  were  gradually  rebuilt,  brick  by  brick,  or 
stone  by  stone,  a  brick  or  a  stone  of  a  different  kind  having  been  sub- 
stituted for  each  of  the  former  ones,  while  the  shape  and  size  of  the 
house,  the  form  and  arrangement  of  its  rooms,  passages,  and  closets, 
and  even  the  number  and  shape  of  the  bricks  and  stones,  remained 
unaltered.  The  hollow  spaces,  however,  in  the  interior  of  a  fossil,  are 
usually  filled  up  either  by  the  substance  of  the  rock  in  which  it  lies, 
which  has  gained  access  to  the  interior  through  natural  openings  or 

•  Page  800  c<  Mg.  t  See  ante,  p.  888.  t  See  anU,  p.  861. 


478  PALEONTOLOGY. 

accidental  fractures  ;  or  else  by  crystaUine  minerals,  the  dissolved  con- 
stituents of  which  have  percolated  through  the  pores  of  the  walls 
surrounding  the  hollow  spaces,  just  as  they  do  into  any  other  cavities 
in  rocks. 

It  sometimes  also  happens  that  the  substance  of  the  fossil  has  been 
altogether  removed,  and  merely  its  "  mould  **  or  impression  left  in  the 
rock  that  enclosed  it.  This  mould  or  external  cast,  in  some  instances 
when  the  original  body  was  a  hollow  one,  also  encloses  an  irUemal  cast 
consisting  of  the  matter  which  gained  access  to  the  interior  of  the 
fossiL 

Sometimes  the  fossil  is  very  distinct,  and  can  be  completely  d^ached 
from  the  matrix  or  rock  in  which  it  is  enclosed.  Sometimes,  on  the 
other  hand,  it  is  so  intimately  united  with  the  matrix,  and  so  blended 
with  the  substance  of  the  rock,  that  we  can  only  observe  a  section  of  it 
when  the  rock  is  broken  open.  Sometimes  the  fractured  surface  of  the 
rock  must  be  polished  before  we  can  distinguish  the  structure  or  even 
the  outline  of  the  fossil,  and  sometimes  the  rock  has  to  be  cut  into 
slices  so  thin  as  to  be  transparent  before  the  microscopical  examination 
can  be  applied  to  them. 

FalsBontologioal  Bequirements. — It  is  obvious  that  we  must  have 
some  knowledge  of  existing  animals  and  plants,  in  order  rightly  to 
understand  the  facts  of  paleeontology.  Fossil  animals  and  plants  are 
either  of  the  same  species  as  those  now  living,  or  of  different  species. 
In  order  to  ascertain  which  of  these  is  true,  we  must  necessarily  know 
the  living  species  when  we  see  them.  Whether  the  species  of  fossils 
be  living  or  extinct,  in  order  to  draw  any  conclusions  respectii^  them, 
as  to  the  place  where  they  lived,  for  instance,  and  the  drcumstances 
imder  which  they  were  buried,  we  ought  to  know  the  habits  of  the 
living  species  with  which  they  are  identical,  or  to  which  they  are  moet 
nearly  fdlied. 

No  man  can  become  a  palaeontologist  who  is  not  also  a  biologist 
(zoologist  or  botanist) ;  and  no  man  can  become  a  thorough  zoologist 
who  has  not  had  that  early  training  in  anatomy  which  usually  fedls  to 
the  lot  of  the  medical  student  only.  To  become  a  thorough  paleonto- 
logist, a  man  should  have  what  is  called  a  medical  education.  But  it 
is  quite  possible,  even  without  this  training,  to  master  at  least  some 
particular  branch  of  the  subject  For  the  purposes  of  geological  study, 
a  certain  amount  of  acquaintance  with  palaeontology,  and  therefore 
with  zoology  and  botany ,*;is  needed.  In  ijie  Appendix  to  the  present 
volume  the  student  will  find  a  systematic  arrangement  of  the  animal 
and  v^etable  kingdoms  ;  and  in  this  and  the  following  Chapter  some 
observatiouB  are  offered  for  his  guidance  in  the  general  principles  of 
palssontology. 

Distribution  of  AnimalH  and  Plants^ — ^Every  one  is  doubtless  ae- 
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qnainted  with  the  iact  that  the  individaals  of  the  different  species  of 
animals  and  pknts  are  not  indiscriminately  scattered  about  the  earth. 
Palm-trees,  bananas,  and  pine-apples,  do  not  grow  in  the  open  air  in 
temperate  zones  ;  nor  apples,  barley,  or  potatoes,  on  the  low  lands  of 
the  tropics.  The  polar  bear  and  the  lion,  the  reindeer  and  the  camel, 
the  mosk-ox  and  the  giraffe,  do  not  inhabit  the  same  r^ons.  If  we 
ask  why  these  different  species  do  not  live  beyond  certain  limits,  we 
learn  that  a  climate  different  from  that  in  which  they  now  live  would  iwt 
be  suitable  to  them.  We  arrive  then,  first  of  all,  at  the  conclusion  that 
the  limitation  of  species  depends  upon  variations  in  climate ;  that  is  to 
say,  upon  the  physical  conditions  of  different  regions. 

This  restriction  of  certain  species  to  particular  areas,  by  the  action 
of  surrounding  circumstances,  however,  gives  us  no  explanation  of  a 
still  more  remarkable  phenomenon  in  the  distribution  of  species,  which 
is,  that  in  different  parts  of  the  earth  which  have  climates  essentially 
alike,  the  species  of  animals  and  plants  are  often  very  different  There 
is,  for  instance,  a  much  greater  difference  in  the  species  of  animals  and 
plants  native  to  the  borders  of  Europe  and  Asia,  and  those  living  in 
corresponding  latitudes  in  the  centre  of  North  America,  than  there  is 
between  the  climates  of  the  two  regions.  In  like  manner,  the  animals 
and  plants  native  to  South  America,  South  Africa,  and  Australia,  differ 
far  more  from  each  other  than  do  the  climates  of  those  countries.  We 
may  speak  of  this  distribution  of  species  as  the  result  of  sporadic  (or 
scattered)  origin.  It  will  be  necessary  to  devote  a  little  space  to  the 
examination  of  the  principal  facts  connected  with  these  two  kinds  of 
distribution. 

Iiand  and  Ocean  Olimates. — If  we  ascended  £rom  the  level  of  the 
sea  near  the  equator,  up  the  sides  of  a  lofty  mountain  to  the  regions  of 
perpetual  snow,  we  should  pass  in  a  few  miles  through  the  same  varia- 
tions in  climate  as  if  we  travelled  along  the  searlevel  to  the  arctic  or 
antarctic  circles.  The  variation  in  the  species  of  animals  and  plants 
wotild  also  be  similar  in  the  two  journeys.  The  difference,  indeed, 
would  be  chiefly  in  the  rate  of  change — ^hundreds  of  feet  vertically,  pro- 
ducing an  effect  equal  to  that  caused  by  hundreds  of  miles  laterally. 

Meyen  makes  eight  vertical  botanical  regions  under  the  equator,  as 
follows : — 

Height  in  FMt 
Region  of  perpetual  snow^  with  no  plants      .        .        •        16,200 

1.  B^on  of  AJpine  Plants 14,170 

2.  R^on  of  Khododendrons 12,150 

8.  Region  of  Pines 10,140 

4.  R^on  of  European  Dicotyledonous  trees       .        .        •  8,100 

5.  R^on  of  Evergreen  Dicotyledonous  trees      .        .        .  6,120 

6.  Region  of  Myrtles  and  Laurels 4,050 

7.  Reiion  of  Tree-Fems  and  Figs 2,020 

8.  R^on  of  Palms  and  Bananas 0 
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As  eacli  of  these  vertical  regions  ranges  north  and  south,  it  descends 
towards  the  level  of  the  sea,  and  forms  a  zone  surrounding  the  earUi ; 
the  eighth  region  forming  the  equatorial  zone,  15^  broad  on  each  side 
of  the  equator  ;  the  seventh,  the  two  tropical  zones,  each  8*^  broad ;  the 
sixth,  the  two  subtropical,  11^  broad  ;  the  fifth,  the  warmer  temperate 
zones,  11°  broad  ;  the  fourth,  the  colder  temperate  zones,  13°  broad  ; 
the  third,  the  subarctic  zones,  8°  broad ;  the  second,  the  arctic,  1 3° 
broad ;  and  the  first,  the  polar  zones,  10°  broad,  terminating  in  lat.  82°, 
the  spaces  between  that  parallel  and  the  poles  representing  the  ice-caps 
or  regiond  of  perpetual  snow,  in  which  vegetation  is  impossible.  These 
zones  are  bounded,  however,  by  isothermal  lines,  rather  than  parallels 
of  latitude,  so  that  the  width  of  some  of  them  varies  in  different  part& 

A  similar  change  of  climate  takes  place  as  we  descend  vertically 
into  the  sea,  and  a  similar  consequent  change  in  the  species  of  animals 
and  plants.  This  was  first  clearly  shown  by  Edward  Forbes,  during 
his  researches  in  the  iEgean  Sea.  He  divided  all  seas  into  five  vertical 
spaces,  which  he  called  zones  (not  regions),  as  follows  : — 

1.  Littoral  zone,  the  space  between  high  and  low  water-mark,  or  where  there 

is  no  tide,  the  water's  edge. 

2.  The  circum-littoral  zone,  from  low- water  mark  down  to  abont  15  faUioms. 
8.  The  median  zone,  from  15  to  about  50  fathoms. 

4.  The  infra-median  zone,  from  50  to  abont  100  fathoms. 

5.  The  abyssal  zone,  from  100  fathoms  to  the  greatest  depth  to  which  life 

could  continue  to  exist* 

He  likewise  arranged  marine  life  into  nine  homoiozoic  belts  (or 
belts  of  similar  life),  surrounding  the  globe,  and  also  bounded  by 
isothermal  lines,  one  central  or  equatorial,  and  four  on  each  side  of  it, 
w^hich  he  called  circum-central,  neutral,  circum-polar,  and  polar.  Each 
of  these  belts,  however,  had  its  vertical  zones  as  above,  and  did  not 
merely  correspond  with  one  of  them,  like  the  botanical  regions  and 
zones,  t 

There  is,  indeed,  a  difference  even  in  the  distribution  of  temperature 
in  the  two  oceans  of  air  and  water  which  surround  the  earth,  arising 
partly  from  the  difference  in  their  physical  constitution,  and  partly  from 
their  limitation  in  space.  The  ocean  of  air  which  surrounds  the  earth 
is  uninterrupted  except  for  very  slight  spaces  near  its  lower  surface, 
where  there  happens  to  be  great  irreguhuity  in  the  vertical  or  relief 
form  of  the  land  on  which  it  rests.  The  loftiest  mountains  or  table- 
lands penetrate  but  a  short  distance  up  into  the  atmosphere.  The 
ocean  of  water,  however,  not  only  rests  on  an  irregular  base,  but  is 

*  His  researches  led  him  to  regard  a  depth  of  300  fathoms  as  the  prohable  zero  of 
animal  life,  and  that  the  deeper  parts  of  the  sea  Were  therefore  without  life.  More  recent 
explorations,  however,  have  brought  to  light  an  abundant  fauna  in  the  Atlantic  at  greater 
depths,  and  even  living  itar-flsh  at  1000  fkthoms.  See  Carpenter,  Ptoc.  Jtoy.  £o&,  toL 
xviii  ;  WaUich's  AUarUic  Sea-BecL  t  Johnston's  Physioai  AOas,  2d  ediUon, 
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wholl;  included  within  a  very  irregular  bed,  its  &ee  circulation  being 
continually  impeded  and  deflected  by  kt^  parts  of  that  bed  rising 
completely  above  it,  and  forming  dry  land.  Even  if  we  eupposed, 
however,  the  sea  to  form  as  regular  an  envelope  to  the  earth  as  the 
air  does,  there  would  nevertheless  be  a  difference  in  the  distribution  of 
their  temperatares.  We  may  n^^ard  the  distribution  of  mean  tempeia- 
tore  in  the  air,  nnder  the  figure  of  ahells  or  regularly-arched  strata, 
saperimposed  one  over  the  other,  the  hottest  surrounding  the  earth 
about  the  equator,*  the  next  spreading  over  that,  and  the  next  over 
that,  and  so  on,  each  shell  having  a  less  mean  temperature  than  the 
one  underneath  it     In  Fig.  147  let  C  be  the  centre  of  the  earth,  and 


the  blank  semidrcular  space  over  L  C  L  represent  a  section  of  half  the 
solid  part  of  the  globe.  Let  the  line  C  E  he  in  the  direction  of  the 
equator,  and  the  line  P  L  C  L  P  be  the  polar  axis  of  the  earth,  F  P 
being  the  poles,  and  let  the  semicircle  PEP  represent  the  surface  of 
the  supposed  uniform  ocean  of  water,  the  depth  of  which,  P  L,  is 
enormously  exaggerated.  Let  the  semicircle  AAA  represent  the 
extreme  limits  of  the  atmosphere,  quite  as  much  exaggerated  in  height 
as  the  sea  is  in  depth.  Then  the  arched  lines  over  PEP  will  repre- 
sent sections  of  the  supposed  shells  of  decreasing  temperature  in  the 
atmosphere,  the  hottest  being  the  lowest  just  over  E.  The  lofty 
mountain  over  E  will  penetrate  all  these  shells,  its  summit  being  just 
in  that  stratum  of  cold  which  in  its  gradual  descent  reaches  the  sea- 
level  about  the  poles. 

About  the  equatorial  regions  of  the  earth,  or  in  the  neighbourhood 
of  £,  the  decrease  of  temperature  as  we  descend  into  the  sea  will  take 
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place  in  the  same  way  as  it  does  in  ascending  into  the  air.  There  will, 
howeyer,  be  a  limit  to  this  decrease  in  the  sea,  nnlike  anything  that 
we  know  of  in  the  air.  Taking  the  maximnm  tempeia^are  of  the 
water  at  the  level  of  the  sea  about  the  equator  as  84°  Fahrenheit,  ihete 
will  be  inverted  shells  or  saucers  of  cooler  and  cooler  water  beneath 
that  till  we  come  down  to  a  minimnm  temperature  of  27'2°  Fahr. 
This  is  the  temperature  of  the  mayimum  density  of  sea-water,  and 
therefore  all  the  water  below  that  depth  must  be  of  that  same  tempera- 
ture, for  if  any  particle  of  water  below  were  made  either  hotter  or 
colder,  it  would  become  lighter,  and  therefore  float  up  to  this  leveL 
But  keeping  in  mind  the  figure  of  saucers  or  shells  of  water,  it  will  be 
apparent  that  this  frigid  stratum  will  somewhere  riBe  up  to  the  upper 
surface  of  the  sea,  or  sea-leveL  This  will  take  place  in  arctic  and 
antarctic  latitudes,  the  water  towards  each  pole  becoming  colder  and 
colder,  until  it  is  eventually  converted  into  ice. 

The  recent  researches  of  the  "  Porcupine "  expedition,  under  Drs. 
Carpenter  and  Wyville  Thomson,  and  Mr.  Gwyn  Jeffreys,  have  shown 
that,  while  in  the  North  Atlantic  the  surface  temperature  in  autumn  is 
pretty  uniformly  52°,  there  exist  below,  even  at  corresponding  depths, 
and  in  closely  adjacent  regions,  two  very  distinct  submarine  climates, 
each  with  a  characteristic  and  peculiar  fauna.  In  one  tract,  called  by 
these  authors  the  cold  area,  the  minimum  temperature  was  29*6°,  and  the 
animal  forms  were  essentially  of  a  boreal  type;  while, in  close  proximity, 
lay  a  warm  area,  where  the  temperature  ranged  horn  42°  to  48°,  with 
a  correspondingly  temperate  form  of  animal  life.  Dr.  Carpenter  infers 
that  there  must  be  a  current  of  cold  and  heavy  water  flowing  south 
from  the  pole,  while  another  and  warmer  body  of  water  is  flowing  north- 
ward from  lower  latitudes.* 

As  the  earth  rotates  on  its  axis,  the  atmosphere  and  the  ocean  of 
course  move  with  it.  From  the  nature  of  circular  motion  it  is  dear 
that  the  more  distant  from  the  axis  of  the  rotating  body  any  point  may 
be,  the  greater  will  be  the  circle  it  describes  during  each  rotation.  A 
point  on  the  equator,  then,  will  describe  a  larger  circle  during  the 
twenty-four  hours  than  a  point  on  the  latitude  of  20°,  40°,  60°,  or  80°. 
If  a  man  travelled  round  the  globe  on  the  equator,  he  would  make  a 
journey  of  nearly  25,000  miles  ;  if  he  could  travel  round  it  along 
latitude  80°,  his  journey  would  be  little  more  than  4300  nules.  It 
follows  that  if  any  body  of  air  or  water  be  moved  vertically  upwards 
or  downwards,  or  travel  directly  towards  the  equator  or  the  poles  {U. 
northwards  or  southwards),  it  wiQ  have  not  only  that  absolute  motion, 
but  a  relative  motion  eastwards  or  westwards  consequent  on  the  east- 
ward movement  of  rotation  of  fhe  part  it  arrives  at  being  faster  or 
slower  than  that  of  the  part  it  left  ' 

•  Proc  Boy.  Soc  xviiL  and  xIjl  ;  and  Proc  Soy,  ImL  Feb.  11, 1870. 
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Where  the  Bun  is  yertical  it  exerts  a  greater  effect  on  the  portion 
of  air  directly  beneath  it,  than  on  other  portions.  The  air  thus  heated 
expands  or  becomes  lighter  and  floats  upwards.  Similarly,  the  water  of 
the  sea  is  made  warmer,  and  therefore  lighter,  beneath  the  vertical  son, 
and  a  greater  portion  is  removed  thence  by  evaporation  from  its  sarface. 
Air  and  water,  therefore,  are  both  sucked  up  by  the  sun  to  a  greater 
extent  where  it  is  vertical  than  elsewhere.  This  vertical  transference 
of  air  and  water  produces  a  direct  north  and  south  motion  in  the  parts 
just  outside  the  space  sucked  up,  as  they  must  rush  in,  in  order  to  sup- 
ply the  place  of  that  which  is  being  removed  ;  and  these  vertical,  and 
direct  north  or  south  movements  are  partly  turned  aside  in  consequence 
of  the  rotation  of  the  earth.  Thus  are  produced  those  currents  in  the 
air  which  are  called  the  trade  winds,  and  the  counter  westerly  winds 
outside  the  tropics.  And  thus,  too,  partly  by  changes  of  temperature, 
but  almost  wholly  by  this  influence  of  the  winds,  currents  are  set  in 
motion  in  the  ocean,  which  are  only  not  so  regular  as  the  trade  winds 
in  consequence  of  the  interruptions  in  the  circulation  of  the  water 
arising  from  the  interposition  of  land.* 

As  the  Sim  is  never  vertical  over  the  same  spot  two  days  in  suc- 
cession, except  just  at  the  solstices,  but  travels  backwards  and  forwards 
over  the  central  belt  of  the  earth's  surface,  in  consequence  of  the  axis 
of  the  earth  being  inclined  to  its  orbit,  it  follows  that  the  place  where 
these  motions  are  generated  is  similarly  movable,  and  oscillates  during 
the  year,  now  on  one  side  and  now  on  the  other  of  the  equator. 

The  irregular  distribution  of  land  and  water  likewise  affects  the 
position  of  the  original  moving  impulse,  in  consequence  of  the  difference 
in  the  heating  power  of  the  sun's  rays  on  a  land  surface  and  a  water 
surface,  and  the  difference  in  the  respective  powers  of  radiation  possessed 
by  these  two  surfaces.  This  cause  goes  to  the  extent,  in  some  localities, 
of  setting  up  local  centres  of  motion  in  the  air,  which  shift  their  place 
according  to  season,  or  the  place  where  the  sun  happens  to  be  vertical, 
thus  producing  monsoons,  or  local  periodical  winds,  instead  of  trade 
winds.  The  variations  in  altitude  of  different  parts  of  the  land  produce 
still  farther  modifications  in  the  air  currents. 

The  complicated  machinery  thus  set  in  motion  over  the  central 
r^ons  of  the  earth  causes  motion  throughout  the  whole  extent  of  the 
two  oceans  of  air  and  water  which  surround  the  earth.  A  regular  sys- 
tem of  circulation  is  set  up  both  in  the  atmosphere  and  the  sea,  its 
regularity  being  continually  interrupted  and  disturbed  by  the  irregular 
outline  of  the  land  and  sea  surface,  and  the  irr^ularities  in  the  relief- 
forms  of  the  land,  and  to  some  extent  in  those  of  the  bed  of  the  ocean. 

It  thus  happens  that  the  climate,  of  any  part  of  the  earth's  suiface, 
either  terrestrial  or  marine,  depending  primarily  on  its  latitude  and  its 

*  S«e  tome  recent  papers  by  Mr.  Croll  on  Ocean  Corrents,  in  Phil.  Mag.  for  1870. 
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altitude  or  depth,  is  greatly  modified  hj  its  position  witli  respect  to  the 
hot  or  cold  currents  of  air  and  water,  and  also  by  its  proximity  or  other- 
wise to  neighbouring  great  irregularities  of  surfiBuse,  and  the  aspect  of 
these  irregularities.  The  important  element  of  temperature  has  been 
graphically  represented  by  means  of  what  are  call^  uothermal  ImeSj 
pointing  out  ^e  mean  temperature  of  different  places,  either  for  the 
whole  year  or  for  the  summer  and  winter  months  of  the  extra>tropical 
regions.  The  latter  are  often  more  important  than  the  former,  since  it 
is  obvious  that  two  places  may  have  the  same  mean  annual  temperature, 
and  yet  possess  very  different  climates.  One  place,  for  instance,  might 
have  a  mean  winter  temperature  of  50*^  and  a  summer  one  of  70% 
while  another  might  have  a  mean  winter  temperature  of  35^  and  a 
summer  one  of  85%  and  yet  both  have  a  mean  annual  temperature  of 

Different  species  of  plants  and  animals  are  differently  affected  by 
climate,  some  being,  by  their  constitution,  adapted  for  only  one  ]>eculiar 
kind  of  climate,  and  perishing  if  they  are  moved  beyond  it,  while  others, 
more  hardy,  will  survive,  and  some  even  flourish  almost  equally  well, 
through  many  different  kinds  of  climate.  Man,  and  his  companion  the 
dog,  are  the  animals  which  withstand  best  almost  any  amount  of  <diange 
in  this  respect 

It  is  obvious  that  when  [q>eaking  of  the  influence  of  climate  on 
plants  or  animals,  it  is  necessary  to  include  food  in  the  idea  of  climate, 
because  if  the  mere  temperature  and  other  circumstances  be  ever  so 
suitable,  the  necessary  nourishment  must  also  be  provided.  Minerals 
are  the  food  of  plants,  together  with  water  and  air.  Animals  feed  either 
on  plants  or  on  other  animals.  Before  plants  can  exist,  then,  in  any 
part  of  the  earth,  or  could  come  into  existence  on  the  earth  at  all,  air 
containing  carbonic  acid  gas,  and  water  containing  dissolved  mineral 
matter,  must  have  existed.  In  Uke  manner,  before  plant-eating  animals 
could  exist,  a  sufficient  stock  of  plants  for  their  food  must  have  been 
in  existence,  and  likewise  a  sufficient  stock  of  plant-eating  AniTnak, 
before  the  flesh-eating  animals  that  were  to  be  supported  by  feeding 
upon  them.  It  must  be  recollected  that  this  is  true  of  marine  and  fresh- 
water, as  well  as  of  terrestrial  beings. 

Destruotion,  partial  or  entire,  of  Speoies  of  Plants  and  Animals. — 
The  fact  of  the  adaptation  of  species  of  plants  and  animaJs  to  peculiar 
climates  (including  food  in  the  idea  of  climate),  involves  the  necessity 
of  the  destruction  of  species  as  a  consequence  of  an  alteration  in  climat^^ 
If  from  any  physical  changes,  such  as  those  which  are  taking  plflce  con- 
tinually in  some  locality  or  other,  sea  be  converted  into  land,  or  land 
into  sea,  deep  water  into  shallow,  high  land  into  low,  or  the  reverse, 
such  changes  must  involve  the  destruction  of  many  of  the  species  in- 
habiting the  areas  so  changed,  or  of  all  of  them,  according  to  the  amount 
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of  change.  Some  of  those  species  may  have  been  limited  to  the  areas 
thus  affected :  if  so  their  destniction  will  be  complete,  unless  they  shift 
their  habitation  during  the  progress  of  the  change,  and  establish  them- 
selves in  new  areas.  Both  total  extinction  and  local  extinction  may  thus 
be  caused,  the  latter  being  the  result  either  of  the  partial  destruction  of 
an  inhabited  area,  or  the  result  of  migration  from  an  area  totally 
destroyed. 

Another  source  of  destruction  is  the  removal  by  physical  change  of 
a  barrier  that  once  existed  between  the  areas  of  two  species,  of  which 
one  is  more  powerful  than  the  other,  and  destructive  to  it  when  both 
are  inhabitants  of  the  same  area.  One  plant  may  thus  outgrow  and 
overwhelm  another,  or  a  plant-eating  animal  may  usurp  the  food  of 
another  plant-eating  animal,  or  a  flesh-eating  species  may  prey  upon 
and  directly  destroy  another  species  of  animal,  or  indirectly  destroy  it 
by  usurping  its  food.* 

Add  to  these  causes  the  effects  of  blights  and  murrains,  or  epidemic 
diseases  among  plants  and  animals,  and  we  have  enumerated  all  the  most 
obvious  causes  of  the  extinction  of  species. 

It  seems  to  follow  from  these  premises,  that  if  physical  causes  of 
change  were  left  to  act  for  an  indefinite  time  upon  the  life  of  the  globe 
without  any  renovation  of  that  life  by  the  introduction  of  new  species, 
the  whole  world  would  idtimately  be  tenanted  only  by  the  comparatively 
few  more  hardy  species  which  could  survive  all  these  changes  ;  and  it 
seems  also  to  follow,  that  wherever  two  parts  of  the  globe,  however  dis- 
tant, had  similar  climates,  we  should  find  in  them  the  same  species  of 
animals  and  plants. 

Tlie  Origin  of  Speoies. — ^Naturalists  have  long  experienced  the 
utmost  difficulty  in  determining  the  limits  of  species.  This  difficulty 
has  been  felt  both  as  to  plants  and  animals,  with  respect  to  living  as 
well  as  fossil  forms.  One  man  has  made  several  distinct  species  out  of 
various  forms  which  another  has  considered  as  mere  varieties  of  one 
species.  The  only  satisfjEu^tory  test  of  the  distinctness  of  species  that 
has  ever  been  agreed  upon  is  that  derived  from  the  power  of  a  species 
to  reproduce  its  like.  The  individuals  or  pairs  of  a  species  are  fertile, 
and  produce  their  Uke,  while  it  is  impossible  to  procure  a  cross  be- 
tween two  different  species  imless  they  are  very  closely  allied,  and  then 
the  progeny  is  called  a  mule  or  hybrid,  and  remains  barren.  It  results 
from  this  principle,  that  the  whole  of  the  individuals  of  a  species  are 
the  descendants  of  a  conmion  parentage.  Doubt,  however,  has  been 
cast  upon  this  test  with  respect  to  some  plants,  and  even  to  some 

*  Chie  species  seems  sometimes  to  be  animated  bj  pore  hostility  to  another,  as  in  the 
ease  of  the  black  and  brown  rats.  The  old  BngUsh  or  black  rat  was  said  at  one  time  to  be 
mdyersal  in  our  islands ;  whether  it  ever  spread  beyond  them  I  am  not  aware,  bnt  the  rat 
which  is  now  common,  and  called  the  brown  or  Norwegian  rat,  is  said  to  have  been  Intro- 
daeed,  and  to  have  almost  entirely  extirpated  the  other. 
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animala.  Many  natuTalifits,  for  instance,  believe  that  some  of  our 
domestic  animals,  as  the  dog,  are  the  commingled  descendants  of  two 
or  three  species  originally  distinct  In  this  view,  a  hybrid  or  mnle,  Uie 
result  of  the  crossing  of  distinct  species  of  plants  or  animals,  is  merely  an 
exaggeration  of  a  mongrel  or  cross  between  distinct  breeds  or  Yarietie& 
Still  there  seems  to  remain  an  essential  distinction  between  a  speeies 
and  a  mere  breed  or  variety  in  this  respect,  and  not  only  a  distinction, 
but  a  contrast,  for  while  the  o£&pring  of  distinct  species  are  usually  not 
only  sterile  but  degenerate  in  strength  and  appearance,  the  ^  crossing 
of  breeds"  almost  invariably  improves  the  descendants,  both  in  fertility 
and  eveiy  other  respect. 

Mr.  Darwin,  in  his  Origin  of  Specie* — a  work  which  marks  a  great 
epoch  in  the  histoiy  of  science — accounts  for  the  origin  of  species  by  a 
doctrine  which  he  terms  that  of  natural  selection.  I  will  endeavour  to 
give  a  brief  account  of  his  hypothesis. 

Species  of  plants  and  animals  have  a  natural  tendency  to  produce  "  breeds," 
''races/'  or  ** varieties,"  under  the  continual  influence  of  external  modifyiz^ 
causes,  or  all  those  surrounding  circumstances  which  we  may  include  under  the 
term  of  **  climate."  If  any  number  of  individuals  be  placed  in  a  favourable 
*'  climate  "  (including  food  and  everything  relating  to  their  wellbeing  undo*  the 
term  ''climate"),  then  those  individuals  will  gradually  become  an  improved 
breed.  If  the  "  climate  "  be  unfavourable,  the  breed  will  degenerate.  If,  again, 
in  any  region  in  which  the  same  climate  prevails  throughout,  individuals  of  a 
species  of  plant  or  animal  should  be  produced  by  any  physiological  or  other  acci- 
dent, differing  in  any  important  way  from  the  other  individuals  of  the  species, 
and  that  difference  (whether  it  might  to  us  appear  an  improvement  or  the  rev^^e) 
should  be  of  any  advantage  to  the  individual  possessing  it,  it  would  naturally  be 
used  and  strengthened  by  use  and  exercise,  and  transmitted  to  the  progeny  of 
those  individual. 

In  this  way  a  process  would  be  set  up  naturally,  similar  to  that  which 
breeders  of  plants  or  animals  follow  designedly.  A  breeder  selects  the  individuals 
which  happen  to  possess  the  qualities  he  desires,  and  breeds  from  them,  taking 
care  to  surround  them  during  the  process  with  the  kind  of  "  climate  "  favourable 
to  the  success  of  the  proce^.  The  differences  artificially  produced  in  breeds  are 
very  striking ;  such  as  the  difference  between  the  Shetland  pony,  the  Flemi^ 
cart-horse,  and  the  English  racer ;  that  between  different  breeds  of  sheep  and 
oxen  ;  the  difference  between  the  varieties  of  fruits  and  vegetables  ;  the  different 
breeds  of  domestic  poultry ;  the  different  pigeons  of  pigeon-fanciers ;  and  the 
vast  variety  of  dogs,  though  Mr.  Darwin  believes  that  the  latter  is  to  some 
extent  to  be  accounted  for  perhaps  by  the  commingling  of  two  or  three  allied 
species. 

His  hypothesis  is  that  these  varieties  which  are  so  numerous,  and  some  of 
which  remain  so  unchanged,  may,  if  the  surrounding  circumstances  conducive 
to  them  remain  for  a  great  length  of  time  unaltered,  result  in  the  production  of 
new  species.  He  looks  upon  the  difference  between  a  permanent  variety  and  a 
species  as  one  which  has  every  degree  of  gradation,  and  finally  vanishes. 

The  obvious  objection  tolthis  hypothesis  is  that  no  one  has  yet  succeeded  in 
producing  a  new  species,  that  is,  a  breed  or  variety  of  animal  or  plant  which  b 
incapable  of  propagating  its  kind  with  other  breeds  or  varieties  of  the  species  frcnn 
which  it  was  itself  originally  derived.  This  objection,  however,  is  merely  saying 
that  Mr.  Darwin's  hypothesis  has  not  yet  been  converted  into  an  undoubted 
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theory  by  proof  tantamount  to  absolute  demonstration.  His  hypothesis  may  be 
true,  even  if  man  is  incapable  of  doing  the  work  of  Nature,  from  want  either  of 
the  requisite  time,  or  of  all  the  means  which  Nature  uses.  It  is,  moreover,  one 
which  the  professed  biologist  alone  is  competent  to  discuss.  To  a  question  in 
pure  physiology,  the  answer  of  the  physiologist  only  is  of  any  value  as  an  autho- 
ritative opinion. 

Sporadic  Origin  of  SpeoieB. — A  species  of  plant  or  animal  ap- 
parently consists  of  the  descendants  of  some  one  individnal,  or  pair  of 
individnals,  which  originated  on  some  spot  of  the  earth's  surface. 
These  spots  were  called  by  Professor  Edward  Forbes  specific  centres, 
because,  as  the  descendants  multiplied,  they  spread  themselves  in  all 
directions  round  them  as  far  as  time  and  climate  (that  is,  all  the  sur- 
rounding circumstances)  would  allow.  These  originating  spots  or 
centres  seem  to  have  been  scattered  broadcast  over  the  world.  Every 
large  area  of  the  world  has  species  of  animals  and  plants  peculiar  to  it, 
and  some  very  small  areas,  such  as  little  islands  remote  from  any  other 
land,  or  detached  lakes  and  seas,  have  in  like  manner  been  found  to  be 
inhabited  by  species  which  did  not  exist  anywhere  else.  We  cannot 
escape  the  conclusion,  that  either  direct  creation,  or  the  action  of  some 
principle  of  variation  and  multiplication  of  forms,  has  been  in  frequent 
or  continuous  operation  in  all  parts  of  the  globe,  both  on  land  and  in 
the  water. 

Schouw  divided  the  globe  into  twenty-five  botanical  regions,  in  each 
of  which  at  least  one  half  of  the  known  species,  a  quarter  of  the 
genera,  and  some  individual  families,  were  peculiar  to  that  region,  and 
found  nowhere  else.  These  regions  are  scattered  variously  over  the 
globe,  but  they  admit,  as  shown  by  Me^en,  of  an  arrangement  into 
zones,  each  zone  surrounding  the  earth,  and  including  regions  in  which, 
although  the  plants  are  distinct,  yet  they  are  more  like  and  more 
nearly  allied  to  each  other  than  those  of  other  zones.  Not  only  are 
the  regions  of  plants  in  each  of  these  zones  similar  to  each  other,  but 
there  is  another  kind  of  similarity  in  those  of  corresponding  zones  in 
the  opposite  hemispheres,  so  that  the  plants  may  be  said  to  be,  although 
entirely  distinct,  representative  of  each  other.  The  evergreen  forest 
trees,  for  instance,  of  the  northern  warmer  temperate  zone,  are  repre- 
sented by  other  evergreen  forest  trees  in  the  south  wanner  temperate 
zone,  each  latitudinal  zone  still  having  its  distinct  vertical  regions  of 
plants,  as  before  described. 

Some  particular  species  of  plants  are  confined  to  very  small  areas. 
Small  islands,  for  instance,  such  as  Madeira  and  Teneriffe,  have  species 
of  plants  which  are  found  nowhere  else.  In  the  Canary  Islands,  gene- 
rally, out  of  533  species  of  phstoogamous  plants,  310  are  peculiar  to 
them.  On  St  Helena,  out  of  thirty  native  species  of  phsenogamous 
plants,  only  one  or  two  exist  in  any  other  part  of  the  globe.  In  the 
little  archipelago  of  the  Qalapagos  Islands,  there  are  a  hundred  specie^ 
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of  flowering  plants  found  only  in  those  islands^  some  only  on  some  of 
the  islands  and  not  on  the  others.* 

The  same  rules  hold  good  in  the  animal  kingdom.  The  Canaries 
and  Qalapagos  are  marked  by  the  large  admixture  of  indigenous  species 
in  their  faima.t  Dr.  Sclater  divided  the  distribution  of  birds  over  the 
globe  into  six  regions,]:  which  Mr.  A«  R  Wallace  has  proposed  to  adopt 
as  good  for  the  whole  animal  kingdom.  §  These  regions  are — Ist  Neo- 
tropical — South  America,  Mexico,  and  West  Indies.  2d.  Nearctic — The 
remainder  of  America.  3d.  Palcdorctic — ^Europe,  North  Asia  to  Japan, 
Africa  north  of  the  Desert  4th.  Ethiopian — The  rest  of  Africa  uid 
Madagascar.  5th.  Indian — South  Asia  and  western  half  of  Malay 
archipelago.  6th.  Atuiralian — ^Eastern  half  of  Malay  archipelago, 
Australia,  and  most  of  the  Pacific  Islands.  Mr.  Wallace  remarks  that 
the  mammalia,  reptiles,  land-shells,  and  to  a  great  extent  the  insects, 
agree  with  the  birds  in  this  distribution.  The  greatest  discrepancies 
occur  in  groups  which  have  at  once  great  capacities  for  difiusion  and 
little  adaptability  to  change  of  condition. 

The  boundaries  of  these  various  provinces  or  regions  are  sometimes 
very  well  marked.  This  is  especially  the  case  wherever  any  strong 
natural  feature  occurs,  such  as  the  separation  of  two  land  provinces  by 
a  chain  of  inaccessible  mountains,  or  by  a  narrow  and  deep  sea,  or  that 
of  two  marine  provinces  by  a  narrow  neck  of  land,  or  the  meeting  of  a 
warm  and  cold  current  of  water.  At  other  times  adjacent  provinces 
may  be  more  or  less  blended  into  each  other,  so  that  it  is  difficult  to 
say  where  one  ends  and  the  other  begins. 

M.  Barrande  ||  has  some  very  instructive  remarks  on  the  close  ap- 
proximation of  widely  distinct  marine  provinces.  Wherever  two  spaces 
of  sea  are  separated  by  a  narrow  neck  of  land,  uniting  countries  which 
stretch  far  and  without  interruption  through  different  climates,  we 
may  have  totally  different  species  within  a  few  miles  of  each  other. 
This  happens  at  present  in  the  instances  of  the  Isthmus  of  Suez  and 
Isthmus  of  Darien.  In  the  first  case,  according  to  the  best  authorities, 
there  are  no  species  of  fish  or  Crustacea  common  to  the  Bed  Sea  and 
the  Mediterranean,  with  the  exception  of  a  few  cosmopolitan  species  ; 
neither  are  there  any  species  of  molluscs  common  to  the  two  seas,  with 
a  few  doubtful  exceptions  ;  while,  with  regard  to  the  zoophytes,  this  is 
true  without  any  exception  at  alL  In  the  second  case,  on  the  authority 
of  M  Alcide  D'Orbigny,  there  are  110  genera  of  moUusca  on  the  two 
coasts  of  South  America,  of  which  fifty-five  are  common  to  the  Pacific 
and  Atiantic  Oceans  ;  thirty-four  peculiar  to  the  P^ific,  and  twenty- 

*  Humboldt  and  Darwin,  as  qnoted  by  Lyell.    Principles,  9th  edit,  chap.  zzzriiL 
t  See  Lyell,  op.  ciL,  10th  edit,  vol.  ii.  chap.  xlL 
t  Tran».  Linn.  Soo.  1867.  %  Nat.  Hist.  Review,  1864. 

il  In  his  ParaUiU  entre  Ua  dep6U  SUvriens  de  BoMm  et  de  Seandinavie. 


GEOGRAPHICAL  LIMITATION  OF  ANIMALS.  489 

one  peculiar  to  the  Atlantic  There  is,  therefore,  a  generic  correspond- 
ence to  the  extent  of  one  half ;  that  half  being  probably  the  most 
important,  and  containing  the  greatest  number  both  of  species  and 
individnals.  But  these  110  genera  contain  628  species,  and  of  these 
one  (mly  is  to  be  found  common  to  the  Atlantic  and  Pacific  Oceans. 

SxaanploB  of  the  Geographical  Iiimitation  of  Anlnialw  as  proviiis 
their  Sporsdic  Origin. — In  order  not  to  leave  the  reader  with  mere 
dry  abstract  generalisations,  it  may  be  advisable  to  mention  a  few  of 
the  best  known  and  most  marked  examples  of  the  limitation  of  certain 
species  and  genera  of  animals. 

a,  Fiik, — ^The  sea-fish  vary  greatly  in  different  parts  of  the  world.  The  cod, 
the  torbot,  and  the  sole,  are  peculiar  to  the  Arctic  seas  and  the  adjacent  parts  of 
the  Atlantic  The  salmon  accompanies  them,  but  runs  down  the  western  coast  of 
North  America  as  far  as  the  Ck>lumbia  Biver,  while  in  Europe,  it  is  never  found,  I 
believe,  in  any  river  running  into  the  Mediterranean  or  Black  Sea.  The  tunny 
and  other  Mediterranean  fish  are  in  like  manner  unknown  in  the  Atlantic.  The 
fresh-water  fish  are  equally  limited  in  some  parts  of  the  world. 

/3,  Birds.  — Perhaps  the  most  striking  facts  of  limitation  of  sjjecies,  however, 
are  those  occurring  among  birds ;  whose  powers  of  easy  and  rapid  locomotion 
seem  to  place  the  whole  world  at  their  disposal. 

Some  birds  do  range  over  very  large  parts  of  the  earth,  but  others  are  limited 
to  the  smallest  territories.  The  red  grouse  of  our  own  islands  is  not  known  to 
exist  in  any  other  portion  of  the  earth.  The  nightingale,  which  visits  the  south- 
east of  England  during  the  summer,  and  abounds  then  in  Cambridgeshire,  and 
extends  even  to  Northampton,  stops  at  a  certain  line,  running  thence  down  into 
Somersetshire,  and  is  never  heard  to  the  north-west  of  that  line. 

Perhaps  there  is  no  more  striking  instance  of  the  restriction  of  species  to 
narrow  limits  than  that  observed  by  Mr.  Darwin  in  the  Qalapagos.*  Here  we 
have  a  small  cluster  of  islands  all  volcanic,  and  all  of  the  same  character, 
and  all  nearly  under  the  equator,  and  therefore  enjoying  the  same  climate,  and 
yet  not  only  have  they  a  fauna  and  flora  distinct  from  that  of  the  rest  of  the 
world,  but  different  species  are  found  in  the  different  islands,  making  the  group 
into  a  littie  world  of  its  own,  a  satellite,  as  it  were,  of  the  great  American  conti- 
nent. The  animals  and  plants  bear  the  American  stamp,  resembling  those  of 
America  more  than  those  of  any  other  part  of  the  world ;  they  are,  however, 
specifically  and  even  generically  distinct.  The  islands  contain  no  indigenous 
mammal  except  one  small  mouse,  but  numerous  reptiles,  snakes,  lizards,  and 
tortoises,  some  of  the  lizards  being  marine,  and  the  only  living  species  of  their 
class  that  inhabit  the  sea,  and  the  large  land-tortoises  being  also  of  very  peculiar 
forms.  Among  twenty-six  species  of  land-birds,  only  one  is  known  elsewhere,  and 
some  even  of  these  were  absolutely  confined  to  particular  islands,  although  some 
of  those  islands  were  within  sight  of  each  other.  T 

Betuming  for  another  instance  to  Australia,  we  find  that  there  are  i)eculiar 
species  of  parroquet  and  other  birds  in  Victoria,  South  Australia,  and  Swan 
River,  differing  firom  each  other,  and  from  those  of  New  South  Wales,  while  many 
of  the  latter  range  along  the  whole  stretch  of  the  eastern  coast,  from  40^  S.  lat. 
to  within  10°  or  12**  of  the  equator.  The  same  species  in  this  case  seem  to  cling 
to  one  range  of  high  land,  even  though  stretching  through  different  climates, 
while  they  do  not  cross  the  intervening  plains  on  to  other  mountain  ranges,  which 
yet  are  in  the  same  latitudes  and  enjoy  the  same  climated  as  the  eastern  coast  range. 

«  See  his  Naturalisfg  Jowmai,  t  Darwin,  op.  ctt. 
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The  Dodo,  which  inhabited  the  Mftoritius,  and  was  exterminated  by  tbe  Dutch, 
and  the  large  and  beautiful  Norfolk  Island  and  Philip  Island  parrots,  each  con- 
fined to  its  little  spot  of  earth,  and  exterminated  by  the  English  conyicts,  are 
conspicuous  instances  of  the  restriction  of  large  birds  to  small  spaces,  and  their 
consequent  extinction  on  the  introduction  of  the  hostile  species — ^man.  Hie 
humming-birds  afford  excellent  examples  both  of  great  range  in  some  species,  aod 
of  close  restriction  in  others.  Humming-birds  are  peculiar  to  the  American  con- 
tinent, they  are  found  over  the  whole  of  it  f^m  Cape  Horn  to  Russian  America. 
A  small  blazing-red  species  (called  Salasporus  rtifus)  ranges  fh)m  Mexico  to 
Sitka.  On  the  other  hand,  the  one  called  Oreotrochilus  Chimborazo  is  only  found 
on  the  mountain  fh)m  which  it  takes  its  name,  and  only  between  the  altitudes  of 
12,000  feet  and  15,000  feet  above  the  sea ;  another  called  Oreotroehilua  Pichincha 
is  only  found  between  the  altitudes  of  10,000  and  14,000  feet  upon  Pichinca. 
Ereocnemua  Derbianus  has  never  been  found  except  in  the  crater  of  the  volcano  of 
Puraci.*  The  ostriches  and  their  allies  are  equally  remarkable  as  exhibiting  the 
oiganisation  of  different  species  of  birds,  all  unable  to  fly,  in  so  many  different 
parts  of  the  earth.  The  ostrich  proper  (StrutMo  camelus)  inhabits  Africa  and 
Arabia.  In  South  America  there  are  two  species  of  ostrich,  one  {Rhea  Americana) 
inhabiting  the  eastern  plains  north  of  the  Rio  N^ro,  the  other  {Rhea  Darteinii) 
the  plains  of  Patagonia.  In  Australia  vre  have  the  Emeu  {Dromaius  NoTm-Hci- 
landiaa) ;  in  New  Guinea  and  the  neighbouring  islands  the*  Cassowary  (Catuariut 
gaZeatus),  and  another  species  fh)m  New  Britain ;  and  in  New  Zealand  the  Apteryx 
and  the  recently  exterminated  Dinomis,  of  which  Owen  enumerates  twelve  species. 
There  was  another  bird  also  (called  ^piorrUs)  in  Madagascar,  now  known  chiefly  by 
its  eggs,  one  of  which  would  have  held  the  contents  of  148  ^gs  of  the  common  fowLt 

It  is  impossible,  as  Owen  remarks,  to  suppose  that  all  these  different  species 
of  birds  which  can  neither  fly  nor  swim,  nor  endure  severe  climates,  could  have 
sprung  from  one  common  Asiatic  centre,  according  to  the  generally  received 
hypothesis  of  the  origin  of  species.  It  is  also  equally  difficult  to  understand  why 
that  strange  anomaly,  a  bird  unable  to  fly,  should  have  been  developed  by  any 
physiological  law,  such  as  Darwin's  doctrine  of  variation,  in  so  many  independent 
localities,  though  that  objection  might  perhaps  be  met  by  the  supposition  of  the 
gradual  breaking  up  and  separation  of  once  continuous  land,  so  that  a  non-flying 
bird  once  produced,  might  afterwards  vary  into  many  different  kinds  of  non-flying 
birds  in  the  different  separated  areas. 

As  a  contrast  to  birds  which  cannot  fly  at  all,  we  may  instance  many  oceanic 
birds  who  seem  to  pass  their  lives  upon  the  wing,  and  yet  never  or  veiy  rarely 
overstep  certain  limits.  In  the  South  Indian  Ocean,  between  the  Cape  of  Good 
Hope  and  Australia,  the  sea  during  the  winter  months  of  the  southern  hemisphere 
is  alive  with  birds  south  of  latitude  81^  or  82*',  while  to  the  north  of  that  line 
none  are  seen  except  an  occasional  tropic  or  frigate  bird.  Towards  the  soutii 
flocks  of  albatrosses  and  cape-pigeons  seem  as  if  always  accompanying  tiie  veael 
in  its  course,  the  cape-pigeons  ever  busy  about  the  ship,  while  the  great  albatross 
{Diomedea  exula.ns)f  and  the  still  more  numerous  dusky  species  (/>.  Juligmosa) 
sweep  in  steady  curves  between  the  ship  and  the  horizon,  now  sailing  dose  by  the 
rigging  and  eyeing  the  persons  standing  on  the  poop,  and  then  gliding  out  of  sight 
ahead,  as  if  the  vessel  were  at  anchor.  If,  however,  the  ship  turn  towards  the 
north  and  pass  the  limit  mentioned  above,  all  these  hosts  of  birds  disappear  at 
once,  nor  are  they  ever  seen  again  till  the  navigator  return  to  the  south,  when  ht 
finds  fresh  flocks  as  if  awaiting  his  arrival. 

7,  Mammalia, — We  find  similar  restrictions  as  to  the  areas  inhabited  by 
species  or  groups  of  species  among  the  highest  class  of  animals — namely,  the 

*  From  information  communicated  by  Mr.  Ooald. 
t  Owen,  Address  to  the  BritUh  Association,  Leeds  Meeting. 
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inftTmnalia,  In  the  Arctic  regions,  indeed,  many  animals,  such  as  the  musk- 
ox,  the  polar-bear,  the  right  northern  whale,  and  others,  both  terrestrial  and 
marine,  are  common  to  the  whole  circle.  But  as  we  travel  south,  and  the  lands 
and  seas  begin  to  diverge  &om  each  other,  the  animals,  even  in  corresponding 
latitudes  and  similar  climates,  soon  become  diverse.  The  black  and  grizzly  bears 
are  American  only,  the  brown  bear  is  an  inhabitant  of  the  Old  World  alone.  Still 
farther  south,  the  puma  and  jaguar  of  America  represent,  but  are  very  different 
from,  the  lion  and  the  leopard  of  the  Old  World.  The  camels  and  dromedaries 
of  the  Old  World  are  similarly  represented  by  the  llamas  and  guanacoes  of  the 
New ;  and  each  great  division  of  ^e  globe  is  inhabited  by  many  different  species 
of  deer  and  other  corresponding  animals.  The  monkeys  may  be  divided  into  three 
groups — the  Catarhini,  belonging  to  the  Old  World,  the  Platyrhini,  to  the  New,  and 
the  Strepeirhini,  most  of  which  belong  to  Madagascar. 

There  are,  however,  many  groups  of  animsJs  wholly  confined  to  one  of  the 
great  divisions  of  land.  No  true  pig  {Sua)  was  a  native  of  America,  the  peccaries 
{Dieotyles)  are  American  only.  There  are  now  no  representatives  in  the  American 
continent  of  the  elephants,  and  there  appear  never  to  have  been  any  of  the 
rhinoceroses,  hippopotami,  or  giraffes  of  the  Old  World  ;  while  the  sloths 
{Bradypus)^  the  anteaters  {Myrmecophagus),  and  the  armadillos  {Dasypus),  are 
not  met  with  out  of  America.  There  is  indeed  a  pangolin  (Manu)  in  AMca,  and 
another  in  Asia,  and  an  Orycteropus  in  Africa,  otherwise  the  whole  order  of 
Edentata  would  be  entirely  American.  There  is,  however,  a  still  closer  restriction 
among  the  species  of  each  of  these  animals.  One  species  of  elephant  is  peculiar 
to  Africa,  and  another  to  India.  There  are  three  species  of  double-homed 
rhinoceroses  in  South  Africa,  and  one  in  the  island  of  Sumatra,  Java  having 
another  with  only  one  horn.  There  are  different  species  of  sloths,  anteaters,  and 
armadillos  in  different  regions  of  South  America. 

The  marsupial  animals  are  now  confined  to  Australasia,  with  the  exception  of 
one  genus,  the  didelphys  or  true  opossum,  which  is  American  only,  some  of  its 
species  being  restricted  to  very  narrow  limits.  In  Australasia  the  marsupials  of 
New  Guinea  are  entirely  and  some  of  them  widely  distinct  from  those  of  Australia 
proper,  and  in  Australia  itself  the  kangaroos,  wallibis,  and  phalangers,  are 
different  in  different  parts  of  the  country.  Mr.  Gilbert,  who  was  collecting  for 
Mr.  Gould,  and  unfortunately  lost  his  life  in  Dr.  Leichardt's  first  expedition, 
informed  me,  when  I  met  him  at  Swan  River,  that  with  the  exception  of  the 
£chidnaf  or  so-called  Australian  porcupine,  he  had  not  been  able  to  find  a  single 
animal  or  a  single  bird  among  all  those  he  had  collected  in  Western  Australia,  that 
was  specifically  the  same  as  any  in  New  South  Wales.  The  lesser  island  of 
Tasmania  has  the  two  largest  and  most  powerful  carnivorous  marsupials  absolutely 
peculiar  to  it,  those,  namely,  which  are  called  the  Native  Tiger  (Thyladnua  cyno- 
cephalus)^  and  the  Devil  {Sarcophilus  (Daayttfrus)  vrsinus).  That  strange  animal, 
the  duck-billed  Platypus,  or  Ornithorhynchus  paradoocut,  appears  to  be  confined 
entirely  to  the  south-eastern  comer  of  Australia.  * 

Oenerio  Centres  and  DistriotB. —  That  any  one  species  should  be 
confined  within  certain  limits  ronnd  its  point  of  origin  seems  natural 
or  inevitable  as  the  direct  result  of  the  action  of  climate,  or  the  physical 
limitation  of  the  land  or  water  area  in  which  it  came  into  existence. 
It  is,  however,  very  worthy  of  notice,  that  those  groups  of  allied  species, 
which  we  call  genera,  are  equally  circumscribed.  Why  should  different 
species  of  opossum  (Diddphys)  have  originated  in  America,  side  by  side 

*  See  Owen's  Presidential  Address,  previously  cited ;  Johnston's  Phy$ical  Atlas,  etc. 
etc.  etc. 
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with  each  other,  and  nowhere  else  ?  Why  should  different  spedea  of 
kangaroo  {Macropui)  and  other  marsupial  genera  have  originated  in 
Australasia,  and  in  no  other  part  of  the  world  ? 

If  the  limits  of  a  species  be  the  natural  result  of  the  descent  of  the 
individuals  composing  it  from  a  common  mother,  does  not  the  limita- 
tion of  a  genus  point  equally  to  descent  from  a  common  species  t  The 
same  question  might  be  asked  as  to  the  limitation  of  the  different 
genera  comprising  a  family  or  order,  making  allowance  for  the  obvious 
condition  that  the  larger  the  group  of  species  (genus,  family,  or  order), 
the  larger  is  the  area  likely  to  be  occupied  by  it,  and  its  limitation  will 
become  therefore  less  and  less  obvious.  The  fact,  however,  that  genera 
(of  whatever  extent)  are  geographically  limited,  is  one  that  is  provable 
by  many  examples  both  among  plants  and  animals.  Edward  Forbes 
insisted  on  it  strongly,  and  pointed  out  that  genera  had  their  eentm 
where  their  species  were  most  numerous  and  flourishing,  in  the  same 
way  that  sptctes  had  their  centres  where  the  individtuiU  flourished 
best,  and  that,  receding  from  those  centres,  both  vertically  and  laterally, 
individuals  in  the  one  case,  and  species  in  the  other,  gradually  hded 
away,  till  at  certain  limits  they  ceased  to  exist. 

These  facts  are  highly  suggestive  when  we  come  to  speculate  on  the 
origin  of  the  various  forms  of  life  upon  the  globe.  They  seem,  in  con- 
nection with  the  geological  history  of  some  species  and  genera,  to  have 
originated  in  Darwin's  mind  those  speculations  of  which  the  first-fruits 
were  given  in  his  Origin  of  Species. 

Breaking  up  of  Generic  and  Speoiflo  Areas  by  Oeoloffioal  Ohangea. 
— Certain  facts  in  distribution  at  the  present  day  which  seem  to  mili- 
tate agaiust  the  truth  of  the  limitation  of  genera  (and  perhaps  of  species 
also),  are  easily  explained  when  we  learn  their  geological  history. 
Edward  Forbes,  for  instance,  pointed  out  that  the  genus  Jfitra  has 
at  the  present  day  its  centre  in  his  central  homoiozoic  belt,  its  area 
extending  thence  through  the  two  circumcentral  and  into  the  south 
neutral  belt,  but  that  one  outlying  species,*  Mitra  Oreerdandica^  was 
found  in  the  north  polar  belt  This  detached  species,  which  seemed  to 
form  so  striking  an  exception  to  the  doctrine  of  continuous  generic 
areas,  is,  however,  known  to  have  once  formed  part  of  the  great  generic 
area  of  Mitra,  inasmuch  as  MitroB  of  other  species  formerly  existed  in 
the  intermediate  space.  The  extinction  of  these  species  of  Mitra  has 
broken  up  the  once  continuous  area  ;  and  it  is  probable  that  the  many 
physical  changes  which  have  taken  place,  and  the  mutations  between 
land  and  sea,  and  height  and  depth  of  either,  have  in  many  instances 
broken  up  generic  and  specific  areas,  and  either  contributed  to  their 
dispersion,  or  perhaps  in  some  cases  aided  in  restricting  them  within 
still  narrower  limits. 

*  If  it  be  a  MUra^  which  is,  I  believe,  at  least  donbtAil. 
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A  little  consideration  will  show  that  if  the  individuals  of  a  species, 
or  the  species  of  a  genns,  be  rare,  and  their  limits  narrow,  it  maj 
be  either  in  consequence  of  their  being  new,  only  just  beginning  to 
make  their  way  in  the  world,  or  because  they  are  old  and  dying  out. 
If  they  be  found  in  two  or  three  localities  widely  apart,  the  latter  is 
almost  certainly  the  true  state  of  the  case.  There  is  a  genus  of  fi^sh- 
water  fish  called  CoregonuSy  the  porran  of  Cumberland,  the  poUan  of 
Lough  Neagh,  the  Qwynniad  (or  white  fish)  of  Bala  Lake,  the  white 
fish  (or  fresh-water  herring)  of  the  North  American  lakes,  other  species 
being  found  in  the  Siberian  rivera  Some  of  the  North  American  and 
Siberian  species  are  very  abundant  in  their  several  localities,*  but  those 
of  the  British  lakes  are  rare  fish,  only  occurring  in  the  detached  lakes 
mentioned  above,  and  only  to  be  seen  at  particular  seasons  even  in  them. 
Tfaey  are,  doubtless,  remnants  of  those  which,  when  the  arctic  climates 
of  North  Siberia  and  America  extended  over  the  British  islands  and  the 
whole  northern  area  of  the  world,  were  equally  abundant  over  the  whole 
of  that  area,  and  are  now  approaching  extinction  in  different  isolated 
localities  of  the  area  where  arctic  climates  no  longer  prevail. 

The  geological  bearings  of  the  facts  of  the  geographical  distribution 
of  oi^gauic  beings  at  the  present  time  now  become  apparent,  and  three 
other  instances  may  be  briefly  given. 

It  is  said  that  the  existing  fauna  and  flora  of  North  America  have  remarkable 
generic  and  ordinal  analogies  with  those  which  prevailed  in  Europe  daring  a  recent 
tertiary  age.  There  is  perhaps  a  closer  relation  between  those  recently  extinct 
Enropean  genera  of  animals  and  plants  and  the  existing  North  American  ones, 
than  there  is  between  the  latter  and  the  present  European  genera.  It  is  possible, 
therefore,  that  the  present  European  fauna  and  flora  may  be  of  more  recent  date 
than  those  of  North  America ;  that  genera  and  species,  once  common  to  the  two 
continents,  have  remained  less  changed  in  North  America  than  in  Europe,  where 
they  have  become  extinct  by  some  of  the  actions  previously  alluded  to,  and  have 
been  replaced  by  other  forms.  The  climate  of  North  America  has  probably  been 
less  altered  since  the  glacial  period  than  that  of  Europe  has.f 

Mr.  Bates  %  describes  the  arboreal  character  of  the  mammals,  birds,  reptiles, 
and  insects  of  those  regions  of  South  America,  compared  with  their  analogues  in 
other  parts  of  the  world,  and  attributes  it  to  the  gradual  adaptation  of  the  species 
to  the  necessities  of  life  in  the  vast  forests  of  those  regions. 

The  animals  and  plants  of  Australia  are  very  peculiar,  and  many  of  them  such 
as  are  found  nowhere  else  living  in  the  world.  Some  of  the  marine  sheUs  and  aome 
of  the  land  animals  and  plants  more  resemble  those  found  fossil  in  rocks  deposited 
daring  an  early  geological  period  (the  Oolitic)  in  our  part  of  the  world,  than  they 
do  any  other  ordinal  or  generic  types.  It  is  perhaps  possible,  therefore,  that  the 
fauna  and  flora  of  Australia  are,  as  it  were,  a  remnant  of  that  which,  during  the 
Oolitic  period,  was  common  to  the  whole  globe,  but  which  has  everywhere  else 
been  superseded  by  the  introduction  of  new  generic  and  ordinal  forms. 

*  Bee  Ricbardion's  Polar  £e(Kon«- 

t  See  on  this  sul^ect  the  papers  of  Professor  Heer,  and  the  discussion  of  it  by  Sir 
Charles  Lyell  in  hit  EUmerUt  of  Geology,  0th  edit  chap.  xv. 
t  In  his  interesting  Voyage  up  the  AmoMOfu. 
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THB  LAWS  AND  GENERALISATIONS  OF  PALAONTOLOOT. 

The  Kinds  of  Animals  and  Plants  most  likely  to  ooovr  FossIL — 
The  rocks  in  which  orgamc  remains  are  found  are  aqueous  rocks,  princi- 
pally marine.  We  should,  therefore,  naturally  expect  the  enclosed 
fossils  to  be  the  remains  of  aquatic,  principally  marine  beings.  In  tiie 
vegetable  kingdom,  at  the  present  day,  the  vast  majority  of  the  specin 
are  terrestrial,  while  in  the  animal  kingdom  there  is  an  almost  equal 
majority  of  aquatic  species.  Among  the  Yertebrata,  for  instance,  we 
have  two  orders  of  mammalia  entirely  aquatic,  a  laige  part  of  the 
reptiles  and  amphibia,  and  the  whole  of  the  fish.  In  the  sub-king- 
dom Annulosa,  the  insects,  indeed,  like  the  birds  among  the  Yertebrata, 
are  chiefly  4errestrial  or  aerial ;  but  the  Crustacea  are  chiefly,  and  the 
Echinodermata  entirely,  aquatic.  The  exceptions  to  the  aquatic  character 
of  the  rest  of  the  whole  animal  kingdom,  including  the  moUusca  and  the 
other  sub-kingdoms,  are  very  few  and  comparatively  unimportant,  the 
pulmonata,  or  land-snails,  being  the  principed  one. 

This  at  once  gives  us  a  reason  for  the  fact  of  the  remains  of  animals 
being  more  numerous  than  those  of  plants,  and  of  aquatic  animals  than 
those  living  on  land.  Even  where  they  occur  in  equal  abundance, 
animal  remains  are  more  important  than  vegetable,  inasmuch  as  it  is 
more  easy  to  arrive  at  definite  conclusions  as  to  the  nature  and  the  habits 
of  the  once  living  beings  from  the  examination  of  a  fragment  of  an 
animal  than  from  that  of  a  plant  A  single  scale,  or  tooth,  or  fragment 
of  bone  or  shell,  will  often  reveal  to  the  comparative  anatomist  the 
whole  history  of  an  animal  which  he  certainly  never  saw,  and  of  which, 
perhaps,  the  only  known  traces  may  be  that  solitary  fragment.  Hie 
botanist  is  not  in  equally  favourable  circumstances  for  determining  the 
histoiy  of  a  fossil  plant,  since  a  piece  of  a  stem  or  a  leaf  will  rarely 
do  more  than  enable  him  to  determine  to  which  great  division  of  the 
vegetable  kingdom  the  living  plant  belonged ;  while  the  parts,  such 
as  the  flower,  on  which  he  mainly  depends  for  more  exact  determination, 
are  scarcely  ever  preserved  in  a  fossil  state. 

It  is  to  the  terrestrial  animals,  as  most  important  to  us  economically, 
and  most  frequently  before  our  eyes,  that  we  are  naturally  accustomed 
to  look  as  our  fellow-inhabitants  of  the  globe,  but  in  reality,  if  we 
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except  the  terrestrial  mammalia,  the  birds  and  the  insects,  almost  all 
the  infinite  variety  and  abundance  of  other  animals  live  in  the  water. 
We  shoidd  therefore  naturally  expect  to  find,  as  we  do,  portions  of  all 
the  other  kinds  of  the  animal  kingdom  in  great  plenty,  while  remains 
of  mammalia,  of  insects,  and  of  birds,  must  be  comparatively  rare. 

It  is  necessary  to  take  these  considerations  strictly  into  account 
before  we  found  any  reasoning  upon  the  negative  evidence  of  the 
absence  of  terrestrial  animals  or  phmts  in  a  fossil  state.  Very  important 
conclusions  are  doubtless  to  be  drawn  from  the  study  of  the  terrestrial 
kinds  when  they  do  occur  fossil ;  but  even  then  their  practical  value  to 
the  geologist  is  often  small,  on  account  of  their  rarity.  Many  of  the 
extinct  species  and  genera  of  mammalia,  for  instance,  are  founded  upon 
the  occurrence  of  single  fragmentary  specimens,  or  of  not  more  than  two 
or  three  specimens  ;  fossil  fish  are  more  numerous,  but  the  testaceous 
(or  shell-bearing)  molluscs,  the  Crustacea,  the  echinodermata,  and  the 
corals,  occur  by  hundreds  and  thousands,  moimtainous  masses  of  rock 
being  in  some  cases  made  up  of  them.  We  might  accordingly  take  any 
one  of  these  last  mentioned,  and  compare  the  different  assemblages  of 
them  found  fossil  in  different  formations,  with  the  expectation  of  arriv- 
ing at  some  definite  conclusion  as  to  their  history.  Of  all  fossils, 
however,  the  mollusca  afford  to  the  palssontologist  the  most  complete 
and  unbroken  scale  of  comparison,  on  account  of  their  number,  their 
variety,  and  the  comparative  completeness  of  the  preservation  of  their 
fossil  parts,  and  the  consequent  facility  of  determining  their  nature  and 
habits. 

The  Modes  of  Ocourrenoe  of  FossHb.— Breaks  in  SuooesBion. — 
Organic  remains  may  be  either  included  in  the  aqueous  rocks  on  the 
very  spot  where  they  lived,  or  close  to  it,  or  may  have  been  drilled  by 
the  water  to  some  distant  spot  after  death,  or  swept  into  the  water 
from  the  land.  Any  remains  floating  for  some  distance  in  water,  and 
slowly  sinking  to  the  bottom  of  it,  or  drifted  for  any  distance  along  the 
bottom,  will  give  us  no  information  as  to  the  habits  or  "  station  "  of  the 
species  when  living.  We  may  get  fitigments  of  land  plants  or  animals 
included  in  beds  which  were  deposited  in  deep  sea  at  a  distance  from 
shore,  or  fragments  of  animals  which  lived  in  dear  water  deposited  in 
mud  or  silt,  or  of  animals  which  lived  in  sand  or  mud  enclosed  in 
limestone  formed  in  clear  water.  These,  however,  are  the  exceptions 
rather  than  the  rule,  and  in  the  majority  of  instances  the  animals  found 
as  fossils  lived  on,  or  close  to,  the  spot  where  they  were  buried,  so  that 
in  pure  limestone  we  get  the  remains  of  animals  that  lived  in  clear 
water,  while  in  sandstones  and  clays  we  get  the  shells  and  other  animal^ 
that  preferred  to  live  in  or  on  sandy  and  muddy  bottoms.  Hence, 
when  we  examine  any  group  of  aqueous  rocks,  made  up  partly  of 
calcareous,  and  partly  of  arenaceous  and  argillaceous  rocks,  we  may 
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expect  to  find  a  difference  in  the  fosBils  according  to  the  difference  in 
the  nature  of  the  rock.  Fossils  are  in  general  mach  more  nnmerons  in 
limestone  than  in  any  other  kinds  of  rock,  hecaose  limestone  is  chiefly 
derived  from  the  remains  of  animals  ;  but  certain  kinds  of  foesils,  even 
certain  species  of  shells,  are  found  mostly  in  sandstone,  others  mostly 
in  mud  or  clay.  Land-plants  and  other  terrestnal  productions  are 
found  much  more  frequently  in  arenaceous  and  argillaceous  rodoB, 
because  these  are  more  usually  deposited  near  the  land  than  calcareous 
rocks  are. 

These  general  statements  must  of  course  be  taken  as  mere  general- 
isations, admitting  of  many  exceptions,  and  must  not  be  construed  into 
absolute  rules  rigorously  goveming  particular  cases.  Allowing  for 
exceptions  arising  both  from  the  drifting  of  organic  remains  before  they 
are  buried,  and  from  abnormal  variations  in  tiie  deposition  of  different 
kinds  of  rock-material,  we  shall  find  in  each  group  of  rocks  limestone 
fossils,  and  sandstone  or  clay  fossila.  A  series  of  groups  of  beds,  then, 
will  contain  different  fossils  in  different  parts,  according  to  variations  in 
the  nature  of  the  rocks,  as  well  as  to  changes  in  physical  conditions 
during  the  lifetime  of  the  fossils— changes  which  are  sometimes  dis- 
tinctly indicated  to  us  by  unconformable  breaks  in  the  strata. 

We  may  represent  this  law  of  the  distribution  of  fossils  by  the 
following  diagram : — 


Fig.  148. 

Let  Fig.  148  represent  a  section  through  a  great  series  of  rocks  made 
up  of  alternations  of  argillaceous  rocks  represented  by  lines,  arenaceous 
rocks  represented  by  dots,  and  calcareous  rocks  represented  by  the  plain 
bands.  Let  the  series  be  divisible  into  three  groups,  ABC:  then  in 
the  lower  group  A  we  may  find  certain  fossils  peculiar  to  the  argil- 
laceous beds,  let  us  call  those  fossils  the  a  assemblage  ;  certain  others 
peculiar  to  the  arenaceous  beds,  let  us  call  those  h  ;  and  others  to  the 
calcareous,  which  we  may  call  <?.  Throughout  this  series  of  rocks  these 
peculiar  assemblages  of  fossils  may  recur  wherever  we  get  the  peculiar 
kind  of  rock.  The  a  fossils  in  the  lowest  set  of  clay  beds  will  be 
replaced  by  the  h  fossils  in  the  sandy  beds  above  them,  but  the  a  fossils 
would  recur  when  we  examined  the  next  superior  set  of  clay  beds.  If 
over  those  we  met  with  a  set  of  limestone  beds,  we  should  find  the  c 
fossils  in  them  ;  and  so  as  we  crossed  the  successive  outcrojw  of  the 
beds,  and  came  to  others  similar  in  lithological  character  to  those  we 
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had  left,  we  should  find  similar  fossils  recTming,  the  a  fossils  in  the 
argillaceous  beds,  the  (  fossils  in  the  arenaceous,  and  the  c  fossils  in  the 
calcareous.  This  change  in  the  assemblages  of  fossils  might  take  place 
equally,  whether  the  change  in  the  nature  of  the  rocks  took  place 
laterally  as  they  ranged  across  a  country,  or  vertically  as  the  beds  suc- 
ceeded each  other  in  order  of  superposition.  We  should  then  include 
the  whole  assemldages  a  +  6  +  e,  when  we  spoke  of  the  fossils  that  were 
peculiar  to  the  whole  group  of  rocks  A.  There  might  also  very  possibly 
be  a  ceittun  mixture  of  fossils  throughout,  or  certain  species  might  range 
throughout,  independent  of  those  which  were  peculiar  to  the  different 
kinds  of  rock. 

When  we  passed  beyond  the  limits  of  the  group  A  into  that  of  group 
B,  we  should  ^en  find  an  assemblage  of  fossils  of  altogether  a  different 
kind.  Group  B  might  equally  be  made  up  of  sets  of  argillaceous, 
arenaceous,  and  calcareous  rocks ;  and  each  of  th^e  sets  might  contain 
peculiar  assemblages  of  fossils,  which  recurred  in  any  part  of  the  group 
whenever  the  peculiar  kind  of  rock  recurred.  Moreover,  there  might 
be  little  or  no  difference  between  the  clays  and  sandstones  of  group  B 
and  those  of  group  A,  and  the  limestones  of  each  might  be  equally 
similar,  so  that  no  one  could  distinguish  between  the  beds  of  group  B 
and  those  of  group  A  by  any  difference  in  the  nature  of  the  rocks. 
The  fossils,  however,  mig^t  be  so  <^i««iTni1a.r  as  to  leave  the  two  groups 
not  a  single  species  in  common  ;  or  the  common  species  would  at  all 
events  be  a  very  small  proportion  of  the  iiHiole.  The  limestones  of 
B  would  have  an  assemblage  of  fossils  we  may  call  A,  its  clays  one  we 
may  call  y,  and  its  sands  one  we  may  call /;  and  the  total  assemblage 
/  +y  +  A)  together  perhaps  with  others  common  to  the  whole,  would  be 
the  peculiar  fossils  of  the  group  B.  The  reason  of  this  great  discrep- 
ancy between  the  fossils  of  the  groups  A  and  B  is  to  be  sought  in  the 
fact  that  these  two  groups  are  separated  by  an  unconformability  which 
points  to  changes  of  physical  conditions,  and  to  a  long  interval  of  time 
during  which  the  fauna  suffered  corresponding  change.  This  abrupt 
transition  from  one  group  of  fossils  to  another  in  the  same  great  series 
of  rocks  is  called  a  break  in  the  succession  of  organic  remains.* 

The  group  C  might  in  like  manner  have  its  argillaceous  fossils  I, 
its  calcareous  or  limestone  fossils  m,  and  its  sandstone  fossils  n,  each 
re-appearing  in  different  parts  of  the  group  according  as  the  kinds  of  rock 
recurred,  the  whole  assemblage  ^  +  m  +  n  being  the  peculiar  fossils  of  C. 
In  this  case  there  is  no  unconformability,  and  no  record  of  any  imx>ortant 
physical  changes  between  the  deposition  of  B  and  C  Yet  the  mere  fact 
that  there  is  a  break  in  the  succession  of  the  fossils  between  these  two 
groups  suffices  to  -proye  that  such  changes,  though  otherwise  unrecorded, 

*  See  BanMHty's  AddreiseB  to  Geologieal  Society.— Quaft.  Jionrn.  OeoL  Soc^  roia.  zix. 
andzz. 
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must  have  taken  place  during  a  long  lapse  of  time,  to  allow  the  species 
of  B  to  disappear,  and  their  places  to  be  taken  bj  those  of  C. 

The  student  most  not  expect  often  to  find  formations  containing 
such  a  frequent  recurrence  of  different  kinds  of  rock,  all  fossil  if eroas,  as 
we  have  supposed  in  the  diagram,  and  each  assemblage,  either  of  the 
smaller  single  groups,  or  of  their  triplicate  unions,  so  neatly  distinguished 
from  each  other  as  is  here  represented.*  Sufficient  examples,  however, 
could  be  easily  adduced  to  show  the  tendency  of  natural  operations 
towards  such  a  state  of  things,  and  that,  if  circiunstances  had  allowed  of 
the  production  of  alternating  groups  of  beds  all  containing  the  remains 
of  the  animals  that  lived  during  the  periods,  on  the  different  kinds  of 
sea-bottom,  we  should  then  have  had  a  series  answering  to  the  one  sup- 
posed above.  This  would  have  been  the  case,  indeed,  throughout  the 
whole  series  of  stratified  rocks,  if  it  had  been  possible  for  deposition 
of  beds  and  entombment  and  preservation  of  organic  remains  to  have 
been  continuous.  The  deposition  of  the  materials  of  rock,  however, 
has  been  irregular  and  interrupted,  the  beds  of  each  great  formation 
having  been  formed  at  intervals,  with  long  pauses  of  non-production 
between  them.  When  we  add  to  this  the  fact  that  the  chances  against 
the  entombment  and  preservation  of  organic  remains,  especially  in  clays 
and  sands,  must  always  have  been  many,  and  that  our  series  of  fossils 
contains  but  a  few  scattered  fragments  of  the  vast  series  of  forms  of  liie 
which  have  inhabited  the  globe,  we  shall  feel  at  once  that  we  can  glean 
from  them,  at  least  in  the  meanwhile,  only  faint  sketches  of  the  laws 
which  have  governed  the  distribution  of  these  forms,  and  that  we  must 
not  look  for  a  perfection  and  completeness  of  evidence  which  the  nature 
of  the  case  renders  impossible. 

The  Oeographical  Distribution  of  Species  in  past  time. — ^When 
geologists  first  learnt  that  groups  of  rock-beds  were  very  widely  spread 
over  large  areas,  and  occurred  in  a  certain  order  of  superposition  within 
these  areas,  and  when  they  gave  names  to  those  groups  derived  from 
their  lithological  character,  such  as  "  the  Chalk,"  *'  the  Oolite,"  "  the 
Mountain  Limestone,"  "  the  New  or  Old  Red  Sandstone,"  they  natu- 
rally were  inclined  to  extend  the  boundaries  of  such  groups  of  rock 
indefinitely,  and  to  suppose  that  the  very  same  kinds  of  rock  would  be 
found  in  the  same  order  of  superposition  in  all  parts  of  the  earth. 
Travellers  did  not  hesitate  to  speak  of  the  group  of  rock  which  they 
found  in  new  coimtries  by  these  names,  trusting  simply  to  the  nature 
of  the  rock  for  their  identification.  In  like  manner,  when  more  notice 
was  taken  of  the  fossils  contained  in  these  ^'  formations,"  and  observers 
looked  to  them  rather  than  to  mineral  characters  for  their  identifica- 
tion of  a  formation,  they  were  at  first  naturally  inclined  to  conclude 

*  On  the  triplicate  association  of  sandy,  clayey,  and  calcareous  rocks  in  tbe  geologiesi 
formations,  see  a  paper  by  Mr.  Hull  on  "  Ternary  Classification. "  QwxrL  Jcmm.  ScUnct  for  1^- 
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that  these  fossils  would  he  common  to  the  same  formation  all  over  the 
earth.  There  is  often  a  much  closer  resemhlance  in  the  organic  re- 
mains found  in  distant  parts  of  the  same  formation  than  there  is  in  its 
lithological  characters  ;  nevertheless  there  is  in  many  cases  a  difference 
in  the  species  which  is  due  to  the  influence  partly,  perhaps,  of  difference 
in  climate,  hut  chiefly  to  the  fact  of  the  sporadic  origin  and  consequent 
geographical  limitation  of  species. 

Even  in  the  earliest  periods  of  the  earth's  history  which  we  know 
anything  ahout,  the  species  of  the  genera  or  orders  which  existed  in 
those  times  were  evidently  limited  to  certain  provinces,  as  species  are 
now.  Different  species  having  come  into  existence  at  certain  spots  in 
different  parts  of  the  earth,  the  individuals  of  those  species  spread 
around  their  centres  so  far  as  "  climate  "  {ie.y  aU  surrounding  circum- 
stances, including  food),  allowed  of  their  diffusion. 

As  climate  is  so  much  modified  hy  the  distribution  of  land  and  sea, 
and  of  high  and  low  land,  shallow  and  deep  sea,  and  the  variation  in 
the  currents  of  air  and  water,  it  follows  that  since  the  places  of  land 
and  sea  have  been  continually  changing,  the  climates  of  different  parts 
of  the  earth  must  have  been  frequently  modified  ;  and  we  know,  from 
facts  which  will  be  hereafter  described,  that  the  climate  of  the  whole 
earth  has  also  varied.  The  position,  the  size,  and  the  number  of 
biological  provinces,  then,  may  have  varied  very  greatly  at  different 
periods  of  the  earth's  history.  There  may  have  been  formerly  only  a 
few  large  provinces  like  that  of  the  Indo-Pacific  ocean  of  the  present 
day.  Thia  may  especially  have  been  the  case  if  the  climate  of  the 
earth  generally  were  once  more  equable  than  it  is  now,  with  less  cold 
in  the  polar  regions,  and  possibly  no  higher  temperature  within  the 
tropics  than  is  felt  in  the  equatorial  islands  of  our  own  times.  Under 
such  circimistances  it  is  most  probable  that  in  former  times  the  cosmo- 
politan species,  or  those  which  ranged  over  the  whole  earth,  may  have 
been  more  numerous  than  they  are  now.  Still,  however  the  examples 
of  the  rule  may  have  varied  from  time  to  time,  it  is  very  important  to 
note  that  the  law  of  the  geographical  limitation  of  species,  both  laterally 
and  vertically,  has  always  prevailed. 

In  examining,  therefore,  the  distribution  of  fossils  in  different  parts 
of  the  earth's  crust,  we  must  bear  in  mind  that  there  are  three  causes 
of  change  in  them  : — 

1.  First  of  all,  within  the  same  biological  province  there  may  have 
been  differences  in  the  '^  stations,"  to  use  the  naturalists'  phrase  ;  that 
is,  the  place  where  the  fossil  was  buried  may  have  been  at  the  time 
either  sea  or  fre-sh  water,  deep  or  shallow  water,  near  shore  or  far  from 
it,  having  a  muddy  or  a  sandy  bottom,  or  being  a  sea  clear  of  sediment ; 
and  the  fossils  entombed  at  these  different  stations  of  the  province  may 
have  varied  accordingly. 
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2.  Secondly,  we  may  paM  from  one  ^  province "  into  another,  the 
two  provinces  having  been  inhabited  by  different  but  contemporaneous 
groups  of  spedea. 

3.  Thirdly,  there  may  have  been  a  difference  in  ^  time,**  dming 
which  a  general  change  had  taken  place  in  the  speciee,  those  formeriy 
existing  having  become  extinct,  and  others  having  come  into  existence 
which  had  not  previously  appeared  on  the  globe. 

DiiBcniltT'  in  determlxiins  the  Contemporaneity  of  Distant  Fonnm- 
tiMia. — It  has  been  stated  in  the  preceding  chapter,  that  a  diange  in 
the  physical  circumstances  of  a  district  may  cause  either  a  local  or  a 
total  extinction  of  species,  according  to  the  rate  and  amount  of  the 
change.  K  the  change  operate  slowly  and  gradually,  the  individuals  of 
the  species  may  have  had  time  to  travel  with  it,  and  to  settle  themselves 
in  a  new  area,  even  as  a  consequence  of  the  change.  Moreover,  if  any 
species,  originating  in  a  certain  spot,  become  subsequently  cosmopolitan, 
or  very  widely  spread,  this  diffusion  may  require  a  vast  period  of  time, 
so  that,  even  if  the  existence  of  the  spedes  be  of  equal  length  at  diffiei^ 
ent  parts  of  the  globe,  the  dates  of  its  commencement  and  extinction 
may  have  been  widely  different  in  those  parts.  It  may'^have  even 
become  extinct  in  its  original  centre  before  it  reaches  some  of  the  more 
distant  parts  of  the  i?diole  area  occupied  by  it. 

The  fact  of  particular  species,  then,  being  common  to  the  rocks  of 

two  distant  localities,  is  by  no  means  a  proof  of  their  being  exacdy 

contemporaneous  in  point  of  time.     It  may  prove  the  very  reverse  of 

this.*     Such  strict  contemporaneity  in  the  rocks  of  distant  localities  is 

probably  a  very  rare  occurrence,  and  one  which  would  be  very  difficult 

to  prove.     In  speaking  of  the  contemporaneous  rocks,  therefore,  of  two 

localities,  the  student  must  be  prepared  for  a  sufficiently  lax  use  of  the 

term  to  include  great  periods  of  time.     Beds  deposited  in  the  English 

Channel  before  the  Romans  visited  Britain,  would  be  looked  upon  by 

future  geologists  as  strictly  contemporaneous  with  beds  forming  now  in 

the  Irish  Sea,  should  the  two  districts  become  dry  land  ;  and  past  dates, 

separated  by  actual  periods  far  more  vast  than  any  included  witiiin 

historic  times,  would  be  equally  looked  upon  now  as  contemporaneous ; 

the  length  of  time  thus  ancertainly  determined  increasing  probably 

with  the  distance  between  the  two  localities  where  the  rocks  w»e 

observed.t 

*  See  De  la  Beche's  JUteardus  in  Theoretieal  Geology,  chaps.  xL  and  xiL 
t  Profeaaor  Hnzley,  In.  1862,  propoeedtto  disuse  the  tenn  contemporanetty  as  appUed  to 
two  distant  formations  with  the  same  assemblage  of  fossils,  and  to  ose  in  its  stead  *'  bomo- 
tazis  "  (or  *'  similarity  of  order"),  thereby  indicating  that  the  order  of  organic  snccesaiaB  is 
the  same  at  both  places,  without  necessarily  implying  synchronous  growth.  He  remarks, 
that  "  for  anything  that  Geology  or  Patoontology  are  able  to  show  to  the  contnry,  a  Devo- 
nian fiuna  and  flora  in  the  British  Islands  may  have  been  contemp<»aneous  with  SOmian 
life  in  North  America,  and  with  a  carboniferous  fauna  and  flora  in  Africa."— <^itart  Jowm. 
CftoL  Soc,  xvUi.  p.  xlvi 
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These  pniiciples  have  always  influenced  me  &om  my  earliest  geo- 
logical day&  In  speaking  of  ^e  Coal-measures  of  Newfoundland,  in 
my  report  *  on  the  geology  of  that  country,  I  limited  myself  to  calling 
them  the  Ntfwfoundland  Coal-mtaxwres^  leaving  their  identity,  or  other- 
wise, with  the  Coal-measures  of  other  districts^  an  open  question.  Not 
having  found  any  fossils  in  them  in  my  necessarily  hasty  search,  the 
Newfoundland  Coal-measures  might  be  Tertiary  rodcs  for  anything  I 
could  say  to  the  contraiy.  Similarly,  in  speaking  of  the  Palssozoic 
rocks  and  fossils  of  Australia,  I  prefened  always  to  speak  of  them  only 
as  Palaeozoic,  and  forbore  to  discuss  the  question  of  their  identity  in 
time  with  the  Silurian,  Devonian,  or  Carboniferous  periods  of  Europe, 
for  which  even  the  identity  of  one  or  two  species  (if  it  occur)  is  not 
altogether  sufficient  evidence,  t 

NeoeMity  for  settUnff  the  Ohronologioal  Olaasiflcation  of  eadh  large 
Area  separately,  before  fonning  one  for  the  whole  Earth. — It  follows, 
from  what  has  been  stated,  that  in  order  to  avoid  error,  each  great 
district  of  the  earth,  such  as  Europe  or  North  America,  should  be  sur- 
veyed separately,  without  reference  to  anything  out  of  the  district,  and 
that  the  order  of  superposition-  of  its  strata,  and  their  classification  into 
groups  or  formations,  should  be  settled  independently,  on  evidence  to  be 
found  in  that  district  only.  When  this  has  been  done,  the  two  series 
may  then  be  compared,  and  the  synchromsm  of  different  parts  of  each 
may  be  decided  on. 

Western  Europe  (Britain,  France,  and  Germany),  but  England 
more  especially,  affords  an  admirable  type  of  a  geological  district, 
&om  the  examination  of  which  a  chronological  scale  of  classifica- 
tion can  be  constructed,  with  which  to  compare  the  series  of  rocks 
in  other  parts  of  the  world.  Care  must  however  always  be  taken, 
that  this  comparison  with  British  or  European  formations  be  not 
pushed  too  far,  until  the  district  to  be  compared  has  been  worked 
out  thoroughly  on  its  own  independent  evidence.  The  British  scale  of 
rocks,  although  the  most  complete  anywhere  yet  known  within  any  one 
district  of  anything  like  equal  extent,  must  not  therefore  be  assumed 
to  be  perfect,  or  to  be  absolutely,  instead  of  comparatively,  complete. 
The  series  of  foimations  even  in  Britain  is  full  of  gaps,  which  are  known 
and  acknowledged ;  those  which  are  still  unsuspected  are  probably  stOl 
more  numerous.  Many  of  the  formations,  or  groups  of  stratified  rocks 
in  other  parts  of  the  world,  which  were  at  one  time  thought  to  be  con- 
temporaneous with  British  formations,  are  now  known,  or  believed,  to 
be  more  or  less  intermediate  between  them  ;  or,  to  drop  the  term 
^contemporaneous/'  the  homotaxu  or  general  order  of  succession  is 

*  Getwral  iZepori  t^iht  Geciogioai  Swrvey  cj Newfoundland  during  tXe  yean  1889  and  1840. 
Murray,  1842. 

t  See  Sketch  qfPhjftfcal  Struihtre  <^AuatraUa  (BooneX  pp.  21,  22. 
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more  complete  in  the  one  case  than  in  the  other.  This  intercalation  of 
periods  of  formation  in  different  parts  of  the  earth,  and  even  in  differ^it 
parts  of  the  same  district,  will  probably  have  to  be  still  more  exten- 
sively employed  hereafter. 

Classifloation  of  Ghroups  of  Beds  by  means  of  their  Fossil  Ck>nteiitB. 
—If  we  take  the  British  Islands  or  any  other  good  typical  portion  of 
the  earth's  surface,  and  examine  its  subterranean  structure,  we  shall  find 
that  it  is  made  np  of  a  vast  series  of  variously  inclined  strata,  which 
appear  at  the  surface  in  consequence  of  their  "  rising  "  or  "  cropping  " 
out,  one  from  under  another.  This  great  series  is  not  a  continuous  suc- 
cession of  beds,  neither  are  the  beds  all  of  one  kind.  The  occasional 
breaks  in  the  position,  and  the  changes  in  the  lithological  characters  of 
the  beds,  have  afforded  geologists  the  means  of  separating  the  great  series 
into  groups,  to  which  special  names  have  been  given.  Most  of  these 
groups  contain  fossils,  some  of  them  most  abundantly,  large  parts  of 
them  even  consisting  entirely  of  organic  remains.  It  is  obvious  that  in 
such  a  series  of  groups  the  lowest  must  be  the  oldest  or  first  formed, 
and  that  as  they  were  deposited  in  succession  one  over  the  other, 
the  newest  must  be  the  uppermost 

Now  it  has  been  discovered  that  each  of  these  great  groups  has  an 
assemblage  of  fossils  peculiar  to  it ;  so  that  the  general  assemblage  of 
fossils  found  in  one  group  is  not  found  in  any  other  group,  either  above 
or  below.  As  minor  exceptions  to  this  rule,  particular  species  of  fossils 
seem  occasionally  to  range  into  two,  or  perhaps  even  three  adjacent 
groups,  occurring  perhaps  in  the  upper  part  of  one  group,  raoging 
through  the  whole  of  the  group  above  it,  and  appearing  in  the  lower 
part  of  the  group  above  that.  Some  species,  on  the  other  hand,  are 
found  only  in  a  very  small  part  of  one  group,  either  throughout  the  lateral 
extension  of  the  beds  wherever  they  occur,  or  sometimes  limited  to 
some  small  locality  in  those  beds.  What  is  true  of  individual  species 
.  is  true  also,  with  a  more  general  and  wider  application,  of  the  genera 
and  families  into  which  these  species  are  grouped  for  classification. 

When  a  single  species  occurs  abimdantly  in  one  or  two  beds 
throughout  their  extension,  we  may,  if  we  find  it  convenient,  make  a 
sub-group  of  those  beds,  and  give  them  a  distinct  name,  ttddng  the 
occurrence  of  this  species  as  their  characteristic.  Such  a  small  set  of 
beds,  whether  its  characteristics  be  thus  palseontological  or  merely  litho- 
logical, is  often  very  useful  as  giving  us  a  ''  horizon,**  and  enabling  us 
to  determine  which  are  the  beds  above  and  below  it  wherever  we  find 
a  portion  of  the  set  exposed. 

When  a  single  species,  or  an  assemblage  of  several  species,  occurs 
in  a  group  of  rocks,  whether  laige  or  small,  and  has  never  been  found 
except  in  that  group  of  rocks,  and  is  almost  always  found  wherever  the 
group  extends,  we  may  speak  of  these  as  the  characteristic  species  of  the 
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group.  It  occasionally  happens  that  the  fossils  of  such  a  group  are  so 
nearly  allied  biologically  that  naturalists  form  them  into  a  genus^  or 
into  one  or  two  genera,  which  may  then  be  spoken  of  as  equally 
characteristic  Sometimes  a  genus,  or  one  or  two  genera,  will  range 
through  several  adjacent  groups  of  strata,  and  these  groups  may  them- 
selves admit,  either  from  these  palseontological  or  from  other  characters, 
of  being  classed  together  as  a  larger  and  more  general  group.  In  this 
way  we  have  single  beds,  sets  of  beds,  sub-groups,  and  groups  of  beds, 
and  these  are  spoken  of  as  **  formations"  or  '^  systems,''  according  to  the 
importance  attached  to  their  characteristics  by  their  desciiber,  or  by 
geologists  generally. 

It  follows,  from  these  statements,  that  when  the  order  of  succession 
in  the  groups  of  rocks  has  been  established  by  direct  observation  in  one 
district,  and  the  characteristic  fossils  of  each  group  have  been  examined 
and  described,  these  fossils  may  be  used  to  identify  the  groups  in 
another  district,  where  perhaps  their  order  of  succession  is  not  open  to 
direct  observation.  It  also  follows  that,  having  thus  once  established 
the  order  of  succession  of  the  different  forms  of  organic  beings  in  one 
part  of  the  world,  we  are  able  to  compare  with  each  other  the  rock- 
groups  of  widely-distant  parts  of  the  earth,  and  approximately  establish 
the  homotaxis,  if  not  the  contemporaneity,  of  those  which  contain  similar 
organic  forms. 

Iiaw  of  Approximation  to  Iiiving  Forms. — ^If  we  walked  attentively 
through  a  museum  in  which  there  is  a  tolerably  complete  collection  of 
characteristic  fossils  derived  from  the  principal  groups  of  stratified  rocks 
of  one  district,  and  these  fossils  are  arranged  as  assemblages  in  the  order 
of  superposition  observed  by  the  rocks  from  which  they  were  taken, 
we  could  hardly  fail  to  amve  at  some  such  conclusions  as  the  fol- 
lowing : — 

The  shells,  the  Crustacea,  echinodermata,  and  corals,  from  the  upper-* 
most  or  newest  rocks,  would  seem  quite  familiar  to  us.  Some  of  the 
forms  might  be  absolutely  identical  with  those  of  species  now  living, 
and  even  those  which  we  could  not  identify  with  any  that  we  knew 
anywhere  living  would  still  have  a  familiar  aspect,  and  closely  resemble 
some  living  forms.  If  we  then  continued  our  inspection  in  descending 
order  through  the  different  assemblages  of  fossils  brought  from  lower 
and  lower  (i>.  older  and  older)  groups  of  strata,  the  forms  of  life  would 
become  more  and  more  strange  and  unfamiliar  to  us.  This  strangeness 
would  be  more  striking  in  proportion  as  our  knowledge  of  living  forms 
was  accurate  and  exact.  The  conchologist,  supposing  him  to  have  never 
seen  fossil  shells  before,  would  be  at  once  able  to  declare  the  generic 
names  of  those  coming  from  the  newer  formations,  even  if  the  species 
were  new  to  him.  He  would  say  *^  This  U  a  Volute  or  a  Cone,  this  is  a 
Venus  or  an  Area,  although,"  he  might  add,  "  I  never  saw  one  before 
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having  that  precise  form  and  thoee  specific  chantcters."  Bat  as  lie 
traced  the  series  towards  the  older  groups,  not  only  would  he  find 
the  species  of  still  existing  genera  becoming  stranger  and  stranger, 
but  he  would  find  more  and  more  forms  to  which  he  could  giye  no 
generic  names  at  alL  He  would  hate  to  invent  new  deaignatianB,  and 
to  define  or  describe  new  generic  groups  in  which  to  place  theee  older 
shells,  so  greatly  would  their  characters  diverge  firom  any'of  the  de- 
scriptions or  definitions  of  recent  shells.  The  professor  of  all  other 
branches  of  Natural  Histoiy  would  find  himself  ft  precisely  similar 
circumstances. 

The  conclusions  to  be  drawn  from  these  facts  are  best  stated  in. 
another  and  more  natural  way.  The  animals  and  plants  living  in  the 
earlier  periods  of  the  earth's  geological  history  were  veiy  difiTerent  from 
those  which  now  exist  upon  the  globe  ;  and  there  has  been  during  all 
succeeding  time  a  succession  of  fresh  species,  showing  a  gradual  approxi- 
mation in  form  to  those  which  now  exist  Not  only  did  the  older  species 
perish  one  after  the  other,  but  most  of  the  older  genera,  some  familipa^ 
and  even  a  few  orders,  have  died  out,  while  those  that  succeeded  them 
from  time  to  time  showed  forms  which,  with  many  occasional  deviatums, 
gradually  grew  more  and  more  like  those  that  now  Hve.  One  or  two 
species  came  at  length  into  existence  which  still  survive,  and  these  recent 
species  became  more  and  more  numerous  until  we  arrive  at  the  existing 
population  of  the  earth.  The  extinction  of  species  is  still  going  on, 
man  himself  being  now  the  most  active  exterminator.  Whether  new 
species  have  come  into  existence,  since  the  introduction  of  man  himself, 
is  a  problem  of  which  a  solution  is,  at  present  at  least,  impossible. 

It  appears  frt)m  the  above  statement  that  the  existing  species  of 
animals  and  plants  came  into  being  slowly  and  gradually  ;  but  not  only 
was  this  the  case  with  the  species  now  living,  but  it  must  have  been 
always  the  case  at  every  period  of  the  earth*s  histoiy.  The  law  of  suc- 
cession of  species  reigns  throughout.  Had  any  intelligent  being  lived 
in  one  of  the  later  Palsaozoic  or  earlier  Secondary  periods,  he  could  have 
stated  his  palseontological  researches  in  the  same  terms  we  ourselves 
use.  The  now  extinct  organic  assemblages  of  that  period  would  then 
have  constituted  the  "  existing  "  or  "  recent  ^  species,  and  ample  evidence 
would  have  been  found  in  the  then  recently  deposited  rocks  (most  of 
which  have  been  long  ago  destroyed),  of  the  gradual  coming  in  of  those 
species,  and  of  their  mingling  with  species  which  had  then  become 
recently  extinct  in  rocks  deposited  just  before  the  commencement  of  the 
period. 

Duration  of  Species  proportionate  to  their  Place  in  the  Scale  of 
Bxistenoe. — It  is  an  obvious  truth  that  the  lowest  forms  of  animal  life 
are  the  most  abundant,  and  this  abimdance  increases  in  proportion  to 
their  minuteness.     It  will  follow  from  this  that  small  forms,  low  in  the 
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scale,  will  last  longer  tbaii  higher  and  larger  forms,  in  consequence  of 
their  mnltitude  being  so  great  as  to  render  it  difficult  for  any  hostile 
dicumstances  to  exterminate  them.  This  is  in  harmony  with  the  facts 
that  some  species  of  foraminif era  now  existing  are  the  oldest  of  existing 
species  ;  that  the  species  of  moUusca  are  longer  lived  than  those  of  fish, 
eJid  much  longer  than  mammalia ;  and  that  the  species  which  range 
through  two  or  three  groups  are  rarely  higher  than  brachiopoda,  or 
some  class  of  similar  rank. 

Forms  onoe  Bxtinot  never  re-appear. — It  is  also  certain  that 
species  which  have  once  become  extinct  have  never  been  again  brought 
into  existence ;  and  this  is  true  also  of  groups  of  species  (genera,  families, 
orders).  There  is  no  known  instance  of  any  specific  form  which  has 
once  Mrly  died  out  ever  making  its  appearance  again  in  the  deposits  of 
any  subsequent  period  ;  and  this  is  true  of  many  groups  of  allied  forms. 
There  are  no  Graptolites  in  rocks  more  recent  than  the  Silurian,  no 
Trilobites  in  any  rocks  more  recent  than  the  Paheozoic,  no  Ammonites 
in  any  rocks  more  recent  than  Cretaceous,  and  so  on.  Nevertheless 
some  genera,  such  as  lAngtila  and  RhyncltcneUa  among  brachiopodous 
bivalves,  and  Nautihu  among  cephalopoda,  have  survived,  as  genera, 
through  a  long  succession  of  species,  from  the  earliest  known  ages  down 
to  the  present  day.  These  are  called  by  Professor  Huxley  ^'  persistent 
types." 

Supposed  Destruction  and  Sudden  Introduction  of  Assemblages  of 
Bpeoies  a  Mistake. — Some  geologists,  trusting  to  the  fact  that  small 
groups  of  beds  can  in  some  cases  be  found  resting  directly  one  on  the 
other,  and  containing  different  groups  of  fossils,  supposed  that  this 
must  have  been  in  each  case  the  result  of  the  sudden  and  wholesale 
destruction  of  one  race  of  animals  and  plants,  and  the  wholesale  in- 
troduction of  a  new  race.  This  supposition  rested  on  the  entirely  un- 
warrantable assumption  that  these  groups  of  beds  were  deposited  in 
those  localities,  not  only  consecutively,  but  with  short  absolute  intervals 
of  time  between  them.  Wherever  we  get  a  ^reat  formation,  or  sntem 
of  formations,  such  as  the  Carboniferous  system  of  the  British  Islnds, 
and  are  able  to  trace  it  over  a  considerable  area,  and  study  all  its  vanities 
of  interstratification  of  groups  of  rock,  we  find  the  same  characteris- 
tic species  or  assemblages  of  generic  forms  ranging  throughout  a  great 
part  or  the  whole  of  its  strata.  We  may  find  the  characteristic  plants 
in  the  lower  part  of  the  formation  in  some  localities,  while  in  others 
they  may  be  confined  to  the  upper  parts,  and  conversely  we  may  get 
the  animal  remains  which  are  usually  confined  to  the  lower  parts, 
making  their  appearance  also  in  the  upper  parts  wherever  circumstances 
were  favourable  to  their  life,  and  to  the  preservation  of  their  remains 
after  death.  We  are,  therefore,  perfectly  warranted,  by  those  positive 
evidences  in  its  favour,  in  taking  as  a  rule  the  great  duration,  and  the 
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slow  and  gradual  extinction  of  anj  fauna  and  flora.  When  we  meet,  on 
the  other  hand,  with  rapid  changes  in  the  fossil  contents  of  seta  of  a 
few  beds  resting  on  each  other,  the  legitimate  conclusion  is,  that  in  that 
particular  locality  only  a  few  beds  happened  to  be  deposited  daring 
each  of  the  great  periods  which  elaps^  while  those  successiye  fauna 
and  flora  inhabited  the  earth.  When  the  beds  are  carefully  examined 
and  widely  traced,  this  conclusion  is  always  supported, , either  by 
physical  evidence  proving  the  discontinuity  of  their  deposition,  or  elae 
by  finding  other  areas  in  which  the  small  sets  of  a  few  beds  expand 
into  great  formations. 

UntruMtworthinest  of  Negative  Bvidenoe  in  Falnontolosical  8p«oa- 
lations. — Arguing  from  what  we  now  know,  it  appears  that  the  earliest 
life  on  the  globe,  during  the  Laurentian  period,  was  that  of  large  reef- 
building  foraminifera.  It  seems  very  difficult  to  suppose  that  these 
existed  by  themselves.  Animal  life  now  is  boimd  together  by  links, 
uniting  species  to  species  in  such  a  way  that,  if  you  destroy  one,  you  in 
all  probability  exterminate  another  which  in  some  way  depended  on  it, 
and  it  seems,  therefore,  almost  an  impossibility  to  imagine  a  world 
inhabited  by  only  one  or  two  species  of  animals.  Waiving  that  con- 
sideration, however,  we  have  in  at  least  the  closing  records  of  the  next 
period  certainly  a  variety  of  crustacean  and  molluscan  life,  while  in 
the  succeeding  or  Silurian  period  we  find  remains  of  fishes,  and 
then  of  reptiles  in  the  Devonian,  or  at  least  in  the  Carboniferous. 
Still,  in  all  the  Palssozoic  series  of  rocks,  there  has  yet  been  no  trace 
found  of  a  mammal  or  a  bird.  In  the  very  lowest  subdivision  of  the 
Mesozoic  series,  however,  namely  the  Trias  (though  in  its  upper  port, 
which  is  called  the  Eeuper),  the  tooth  of  a  mammal  has  occurred,  and 
in  some  still  newer  rocks  the  tracks  of  gigantic  birds  and  the  jaws  <^ 
several  mammals. 

Now,  it  may  be  that  we  have  in  these  facts  a"  true  picture  of  the 
course  of  creation  ;  that  during  the  earlier  PalsDOzoic  periods  no  Verte- 
brata  existed  ;  that  at  length  fishes  and  then  reptiles  were  introduced, 
but  that  long  ages  still  elapsed  before  birds  and  mammalia  were  placed 
upon  the  globe.  On  the  other  hand,  this  may  be  only  the  apparent, 
and  not  the  real  course  of  creation  ;  it  may  appear  to  us  so,  solely  frcon 
the  deficiency  and  imperfection  of  our  records.  A  single  discovery  of 
a  fish-scale,  or  a  fragment  of  a  reptile  in  the  Lower  Silurian  or  Oun- 
brian  rocks  would  greatiy  damage  tiie  hypothesis  ;  a  tooth  of  a  mammal 
in  the  Palsdozoic  rocks  would  upset  it  altogether.  Negative  evidence 
should  never  be  taken  at  more  than  its  true  value,  and  the  process  requires 
to  be  indeed  an  exhaustive  one  before  the  non-existence  of  a  thing  can 
be  held  to  be  established,  because  we  have  not  yet  been  able  to  find  it 

The  existence  of  Mammalia  in  the  Secondary  rocks  was  long  combated.     First 
one  or  two,  and  then  five  small  under  jaws  were  found  in  the  Stonesfield  Oolita. 
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At  fint  these  were  supposed  to  be  marsupial  only,  that  is,  to  belong  to  the  lowest 
of  the  Mammalia ;  tiien  Professor  Owen  showed  that  one  at  least,  the  Stereo- 
gnathua  ooliticus,  was  a  placental  mammal,  probably  one  of  the  non-rominant 
Artiodactyla,  and  ther^ore  of  the  same  division  as  our  hippopotami  and  swine  ; 
another  placental  mammal,  Spalacotherivm,  one  of  the  Insectivora,  was  found  in 
the '  Pnrbeck  rocks ;  and  eventually,  by  the  labours  of  Mr.  Brodie  and  Mr. 
Beckles,  no  less  than  twelve  or  thirteen  new  species  of  mammals  were  found  in 
the  same  formation.  These  were  determined  by  Professor  Owen  and  Dr.  Falconer 
to  belong  to  eight  or  nine  genera,  Triconodon,  PlagiatUax^  etc.,  some  marsupial, 
others  placental.  They  were  all  found  in  one  bed  not  more  than  six  inches  thick, 
and  within  a  space  of  twenty-two  yards  square.  Sir  C.  Lyell  remarks  on  the 
bearing  of  these  discoveries  on  the  value  of  negative  evidence,  as  follows  : — The 
Purbeck  rocks  **  have  been  divided  into  three  distinct  groups  by  Forbes,  each 
characterised  by  the  same  genera  of  pulmoniferous  mollusca  and  cyprides,  but 
these  genera  being  represented  in  each  group  by  different  species  ;  they  have 
yielded  insects  of  many  orders,  and  the  fruits  of  several  plants  ;  and  lastly,  they 
contain  several  'dirt  beds,'  or  old  terrestrial  surfaces  and  soils,  at  different 
levels,  in  some  of  which  erect  trunks  and  stumps  of  Cycads  and  Conifers,  with 
their  roots  still  attached  to  them,  are  preserved.  Yet  when  the  geologist  inquires 
if  any  land  animals  of  a  higher  grade  than  reptiles  lived  during  any  one  of  these  three 
periods,  the  rocks  are  all  silent,  save  one  thin  layer  of  a  few  inches  in  thickness  ; 
and  this  single  page  of  the  earth's  history  sudd^y  reveals  to  us,  in  a  few  weeks, 
the  memorials  of  so  many  species  of  fossil  mammalia,  that  they  already  outnum- 
ber those  of  many  a  subdivision  of  the  tertiary  series,  and  far  surpass  those  of  all 
the  other  secondary  rocks  put  together  I" 

Such  a  thin  seam,  one  of  those  small  exceptions  in  the  great  series  of  aqueous 
rocks,  which  contains  the  remains  of  land  animals,  might  lie  hidden  for  centuries 
even  in  the  formations  which  are  most  searched  by  the  quarryman,  miner,  and 
geologist,  or  might  be  frequently  passed  through  by  the  two  former,  without 
having  been  sufficiently  examined  by  the  latter.  Great  as  have  been  the  labours 
and  researches  of  geologists  hitherto,  we  can  only  look  upon  them  as  but  having 
made  a  commencement,  and  laid  the  foundation  for  more  complete  discoveries 
being  made  in  the  future. 

Application  of  the  Hypothesis  of  "  Natural  Seleotion  **  to  Falsdon- 
tology. — Mr.  Darwin's  hypothesis,  that  varieties  are  incipient  species, 
or  any  other  reasonable  hypothesis,  of  the  slow  and  gradual  erolntion 
of  species  from  preceding  species,  would  agree  well  with  the  known 
facts,  whether  palseontological,  lithological,  or  petrological,  that  we 
meet  with  in  investigating  the  structure  of  the  earth's  crust  There 
are  two  classes  of  facts  in  the  study  of  fossils  which  would  be  naturally 
explicable  on  such  a  hypothesis,  and  seem  difficult  to  account  fur 
without  it 

1.  It  is  of  course  impossible  to  apply  the  test  of  sterility  or  fertility 
to  the  study  of  fossil  species.  The  pcdseontological  biologist  is  reduced 
to  the  comparison  of  forms  only,  often  merely  of  parts  of  forms.  The 
difficulty  of  distinguishing  between  species  and  varieties  presses,  there- 
fore, still  more  strongly  on  him  than  on  the  biologist,  who  studies 
living  beings  only.  This  difficulty  occurs  to  the  paleeontologist  when 
studying  a  number  of  fossils  derived  from  the  same  bed  of  rock, 
and  which  were  therefore  all  contemporaneous  with  each  other.     But 
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when  he  has  a  great  series  of  heds  to  deal  with,  and  to  trace  one  or 
more  species  thronghout  this  series,  he  meets  with  another  phase 
of  the  difficulty.  Certain  forms  may  he  met  with  in  the  lower  beds 
that  seem  to  he  perfectly  distinct  species  from  others  in  the  upper 
beds,  although  allied  to  them,  but  he  will  in  some  eases  meet  with 
intermediate  gradations  of  foim  in  the  intermediate  beds,  and  is  there- 
fore compelled  to  look  on  those  as  mere  varieties  of  one  species,  which 
he  previously  considered  to  be  imdoubtedly  two  distinct  species.  How 
is  he  henceforward  to  be  sure  that  other  forms  quite  as  specifically 
distinct,  and  derived  from  different  sets  of  beds,  would  not  graduate 
into  each  other  as  insensibly  if  he  could  find  the  beds  which  were 
deposited  in  the  interval  between  these  two  sets,  and  they  happened  to 
contain  the  required  fossils  ?  If  species  be  merely  the  descendants  of 
other  species,  the  existence  of  intermediate  forms  of  gradation  is  a 
necessary  and  unavoidable  consequence,  and  instead  of  beiog  a  difficulty, 
is  always  to  be  expected 

The  hypothesis  of  descent,  again,  at  once  gives  us  a  natural  ex- 
planation of  the  law  of  approximation  to  Kving  forms,  and  conversely, 
the  existence  of  that  law,  which  is  one  that  cannot  be  gainsaid,  lends  a 
strong  support  to  the  idea  of  such  a  hypothesis,  and  seems  imperatively 
to  demand  it.     The  one  appears  to  be  the  natural  result  of  the  other. 

This  hypothesis,  moreover,  gives  a  natural  explanation  of  tiie  hidt 
of  the  non-recurrence  of  species  that  have  once  become  extinct. 

2.  There  is  another  class  of  facts  in  palaeontology  which  lend  a 
strong  support  to  Mr.  Darwin's  hypothesis,  or  at  all  events  to  the  hypo- 
thesis of  existing  species  being  connected  with  extinct  by  way  of 
descent.  The  geographical  distribution  of  species  at  the  present  day 
seems  to  be  the  direct  result  of  a  preceding  geographical  distribution. 
The  sloths  and  armadillos  and  ant-eaters  now  living  in  South  America 
were  preceded  by  extinct  species  of  animals  belonging  to  the  same 
orders,  some  of  which  extended  over  parts  of  North  as  well  as  over 
South  America,  but  none  have  been  found  beyond  those  limits.  The 
extinct  kangaroos  and  wallibis  of  Australia  seem  to  have  been  the  pro- 
genitors of  the  present  races.  The  giraffe,  the  hippopotamus,  the 
rhinoceroses,  and  the  pigs  of  the  Old  Continent  were  preceded  by 
species,  now  extinct,  more  or  less  closely  aUied  to  them,  and  no  fossil 
s})ecies  of  those  genera  has  yet  been  found  in  America.  On  the  supposition 
of  every  distinct  species  being  an  independent  creation,  this  geographical 
limitation  of  a  succession  of  allied  species  is  unintelligible,  but  it  would 
be  the  obvious  result  of  the  evolution  of  one  species  from  another. 

IDvidence  from  FalesontoloffF  as  to  the  Value  of  Geological  Tima. 
— ^The  fact  that  vast  periods  of  time  must  have  been  necessaiy  for  tiie 
accomplishment  of  such  a  history  of  life  as  that  which  is  recorded  for 
us  in  the  rocks,  harmonises  well  with  all  the  other  facts  of  geology. 
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The  more  we  investigate  the  fonnation  of  rocks,  the  relations  of  rock- 
masses,  the  contents  of  mineral  veins,  and  all  other  inorganic  phenomena, 
the  clearer  becomes  our  power  of  realising  the  vastness  of  the  periods ' 
of  time  which  unroll  themselves,  fold  after  fold,  before  the  strained  and 
aching  mental  vision.  That  the  organic  phenomena  of  the  past  should 
require  similar  enormous  intervals  of  time  for  their  elaboration^  seems 
fitting  to  the  mind  of  a  geologist,  and  completes,  as  it  were,  tlie  har- 
monious concord  of  nature's  great  poenL 

It  has  been  already  pointed  out,  however,  that  the  inordinate  de- 
mands too  often  made  by  geologists  upon  the  eternity  of  the  past  are 
not  warranted  by  many  of  the  facts  to  which  they  most  confidently 
appeal  in  their  support  *     Another  common  line  of  argument  in  favour 
of  these  enormously  protracted  periods  is  based  upon  the  facts  of  palae- 
ontology.    It  may  be  conceded,  that  ^'  under  any  view  of  the  origin  of 
species,  a  long  time  must  needs  be  demanded  for  the  appearance  and 
disappearance  of  successive  tribes  of  plants  and  animals.     And  the 
}>al2eontologist  may  naturally  demur  to  any  explanation  of  geological 
phenomena  which  would  deprive  him  of  an  appeal  to  unlimited  time 
for  the  past  development  of  life  upon  the  earth.     I  cannot  but  think, 
however,  that  such  reluctance  would  mainly  arise  from  the  difficulty  of 
adequately  conceiving  the  length  of  even  comparatively  brief  periods. 
When  a  sum  rises  above  a  few  hundreds  of  thousands  the  mind  ceases 
thoroughly  to  realise  it,  and  each  successive  cypher  which  may  be  added 
produces  no  corresponding  impression  upon  us.'l'     Probably  the  palsa- 
ontolc^ist  would  find  that  the  periods,  as  defined  by  purely  physical 
evidence,  would  still  remain  quite  vast  enough  for  the  accomplishment 
of  the  long  history  of  life.     Nor  must  he  forget  that  changes  in  the 
oi^ganic  world  must  be  to  a  large  extent  regulated  by  those  of  the 
inorganic  world.     If,  therefore,  we  could  show  conclusively  that  physical 
changes  in  past  time  advanced  more  rapidly  than  had  been  supposed,  it 
would  be  necessary  to  consider  whether  the  periods  demanded  for  the 
growth  and  extinction  of  species  and  genera  might  not  have  been  like- 
wise exaggerated.     From  the  data  furnished  by  the  denudation  now  in 
progress,  it  seems  tolerably  certain  that  geologists  have  required,  for  the 
accomplishment  of  past  denudations,  periods  of  time  much  greater  than 
our  experience  of  the  present  economy  of  nature  warrants.    It  might 
be  well,  therefore,  if  the  palssontological  argument  were  re-examined, 
with  the  view  of  ascertaining  whether  the  intervals  of  time,  which  it 
postulates,  might  not  all  be  easily  comprised  within  the  limits  required 
bj  physical  data.**  t 

Sridenoe  from.  FalflKmtology  as  to  former  Ohaages  of  Olimata. — 
It  is  almost  solely  from  the  nature  of  the  animals  and  plants  which 

•  Bee  wUe,  p.  445.  t  See  Mr.  Croll's  paper  in  PML  Mag.  for  May  IMS. 

i  GeiUe  on  Denudation,  Tnnu,  OtoL  Soe.  Qkutgcw^  iii.  p.  180. 
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have  left  their  remaiiiB  in  the  rocks,  that  we  can  draw  any  certain  con- 
clusions as  to  the  kind  of  climate  possessed  by  different  parts  of  the 
earth  where  those  animals  and  plants  lived.  When  we  find  in  the 
British  Islands  the  remains  of  crocodiles,  turtles,  and  large  nautili, 
together  with  palm  fruits  and  other  tropical-like  plants,  we  cannot 
resist  the  conclusion  that  the  climate  of  the  British  Islands  must  have 
formerly  been  more  like  that  now  foimd  within  the  tropics  than  that 
which  they  at  present  possess.  It  is  true  that  the  plants  and  animals 
are  all  of  different  species  from  those  which  now  exist,  and  by  the  fact 
of  the  mammoth,  or  fossil  elephant,  and  one  of  the  fossil  rhinocerodes, 
haviug  been  provided  with  woolly  coats  covered  with  long  hair,  which 
fitted  them  to  live  in  much  cooler  climates  than  any  existing  species  of 
elephant  or  rhinoceros,  we  are  taught  not  to  rely  too  implicitly  on 
mere  analogies  of  form  ;  still  the  fact  of  the  whole  assemblage  of  the 
fossils  of  certain  great  groups  of  rock  being  stamped  with  a  topical 
"  facies,"  is  very  strong  evidence  in  favour  of  their  having  enjoyed  a 
tropical  climate. 

But  we  may  extend  this  argument  to  Titill  higher  latitudes.  By  the 
zealous  and  enlightened  labours  of  our  arctic  navigators,  especially  those 
of  Sir  Leopold  M*Clintock,  of  Sir  E.  Belcher,  and  others  of  late,  and  of 
Parry  formerly,  we  have  been  put  in  possession  of  the  very  remarkable 
fact  that  in  latitudes  where  now  sea  and  land  are  buried  in  ice  and 
snow  throughout  the  year,  and  there  are  several  months  of  total  dark- 
ness, there  formerly  flourished  animals  and  plants  very  similar  to  those 
living  iu  our  own  province  in  corresponding  geological  periods  ;  and  it 
would  appear  that  similar  animals  and  plants  were  then  widely  spread 
over  the  whole  world.  There  are  large  tracts  of  coimtry  lying  between 
73**  and  76°  of  N.  lat.,  and  84''  and  96**  of  W.  long.,  in  which  the  rocks 
contain  Upper  Silurian  fossils.  In  the  same  latitudes,  but  extending 
farther  west,  beds  of  coal,  with  Carboniferous  plants  like  those  of 
Europe,  were  found  ;  and  still  farther  north  and  west,  extending  up  to 
77°  20',  or  thereabouts,  are  limestones  full  of  Carboniferous  corals  and 
shells  {OrtkoceraSf  etc.,  as  well  as  Brachiopoda),  while  in  Prince  Patrick's 
Island,  at  Wilkie  Point,  in  lat.  76°  20' N.,  and  long.  117°  20'  W, 
Oolitic  rocks  containing  an  Ammonite  (Ammonites  M*Clintocki)y  like 
A,  concavuSy  and  other  shells,  were  foimd  by  M*Clintock  ;  and,  more- 
over, from  Exmouth  and  Table  Islands,  lat.  77°  10',  long.  95°,  part  of 
an  ichthyosaurus  was  brought  by  Sir  E.'  Belcher.*  These  facts,  all 
pointing  in  the  same  direction,  compel  us  to  believe  that,  during  at 
least  a  part  of  the  primary,  secondary,  and  tertiary  periods,  the  general 
climate  of  the  globe  was  higher  and  more  equable  than  at  the  present 
day. 

•  See  FaU  cf  F^raiMin,  amd  Ms  DisooverUs,  hj  Cftptain  Sir  F.  L.  M'Clintoek,  and 
Appendix  by  Rer.  Professor  HaogbtoiL 
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On  the  other  hand,  there  is  good  evidence,  from  fossil  remains,  that 
not  only  over  the  northern  temperate  regions,  but  as  far  south  as  the 
Himalayah  Mountains  at  least,  the  climate  was  once  more  cold  and 
severe  than  it  is  at  present  The  seas  were  encumbered  with  icebergs 
and  the  land  with  glaciers  far  beyond  the  limits  to  which  glaciers  and 
icebergs  now  extend,  while  the  rein-deer,  musk-ox,  mammoth,  and 
woolly  rhinoceros,  wandered  far  south  over  central  Europe. 

Such  changes  of  climate  must  be  largely  due  to  the  varying  position 
of  the  earth  with  reference  to  the  sun,  owing  to  the  eccentricity  of  its 
orbit,  as  Mr.  CroU  has  recently  pointed  out,^  and  as  will  be  more 
fully  referred  to  in  a  subsequent  chapter.  They  may  also  arise  in  part 
from  changes  in  the  distribution  of  sea  and  land,  though  not  to  the 
extent  often  supposed.  Ocean  currents  are  the  great  distributors  of 
temperature,  and  whatever  tends  materially  to  modify  them  must  greatly 
influence  climate,  t 

Praotioal  Importanoe  of  Fossils. — The  importance  of  the  study  of 
fossils  to  all  those  who  wish  not  only  to  learn  the  past  history  of  life 
upon  the  globe,  but  to  understand  the  problems  involved  in  its  present 
multiplicity  of  form  and  variety  of  diffusion,  will  be  obvious  even  from 
the  foregoing  slight  and  general  observations.  Their  importance,  how- 
ever, is  not  limited  to  the  theoretical  speculations,  or  the  philosophical 
conclusions  which  may  be  derived  from  them,  for,  like  many  other 
scientific  conclusions,  they  may  be  coined  into  actual  money,  or  money's 
worth,  by  their  practical  application. 

K  in  any  particular  pcui;  of  the  earth,  beds  of  any  substance  of 
economic  value  to  man  were  fonned  during  a  particular  geological 
period  only,  it  is  obvious  that  these  beds  will  contain  the  remains  of 
the  animals  and  plants  which  lived  during  that  period,  and  no  others. 
If,  therefore,  the  valuable  beds  be  but  a  few  thin  seams  occurring  here 
and  there  in  a  great  series,  and  our  object  be  to  discover  where  any 
part  of  that  series  reaches  the  surface,  in  order  that  we  may  search  for 
the  valuable  beds,  it  is  clear  that  ^e  fossils  will  be  of  the  greatest 
assistance  to  us.  The  mere  lithological  character  of  the  other  beds  of 
the  series  may  be  of  little  or  no  use  to  us  as  a  guide,  and  may  even 
mislead  us,  since  there  may  be  other  groups  of  rocks  of  similar  character, 
but  not  containing  the  valuable  beds. 

*  Phd  Mag,  for  Aogost  IBM,  and  his  papers  on  Climate  in  the  same  Journal,  for  sncoeed- 
ing  years. 

t  See  Professor  Hennessy's  "  Remarks  on  Terrestrial  Climate,"  AUantis,  January  1859. 
He  says  that  the  mean  temperature  of  the  earth  would  not  be  raised  by  more  land  existing 
at  the  tropics,  since,  thou^  the  land  becomes  hotter  during  the  day  it  gets  colder  dnring 
the  night  than  the  sea  does,  and  that  more  heat  would  be  oonaerved  by  a  general  tropical  sea 
than  by  a  general  tropical  land.  Compare  also  the  discussion  of  this  subject  by  Sir 
Cbaries  Lyell  (Principla,  roL  i.  chaps.  ziL  zUL),  who  attributes  extreme  importanoe  to  the 
position  of  land  round  the  equator  as  a  cause  of  raising  the  temperature  of  the  globe,  and  of 
land  at  the  poles  as  diminishing  It. 
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The  most  strikmg  instance  of  what  is  here  stated  generally^  is  the 
occuirence  of  beds  of  coal,  in  the  part  of  the  geological  series  which  is 
hence  called  the  Carbonifeions  system.  Coal  is  not  confined  to  that 
formation,  since  in  different  parts  of  the  world  good  workable  coal 
occurs  in  other  formations ;  but  in  Britain  and  Western  Europe, 
although  thin  beds  of  coal  occur  in  other  formations,  extensive  seams 
of  workable  coal  have  only  been  found  in  the  Carboniferous  system. 
Coal  is  usually  associated  with  black  and  grey  shales  in  that  system, 
and  the  same  association  occurs  in  other  formations,  where  the  coal  is 
too  impure  or  in  too  small  quantity  to  be  valuable.  Black  and  gr^ 
shales  also  occur  in  parts  of  the  Carboniferous  series,  where  there  is  no 
coal,  and  in  other  formations  entirely  devoid  of  coaL  The  coal-miner 
being  always  accustomed  to  see  coal  associated  with  black  and  grey  shale, 
and  not  having  had  occasion,  like  the  geologist,  to  see  similar  shales  in 
other  fonnations,  naturally  looks  upon  the  occurrence  of  the  black  and 
grey  shale  as  indicative  of  the  presence  of  coaL  The  geologist,  on  the 
other  hand,  having  a  wider  experience,  knows  that  not  only  do  black 
and  grey  shales  occur  where  ^ere  is  no  chance  of  coal  being  found, 
but  that  even  thin  seams  of  coal  occur  in  formations  where  no  coal 
worth  working  has  ever  been  found  in  the  British  area  or  in  Western 
Europe.  He  therefore  knows  that,  as  a  rule,  all  ^  indications"  are 
worthless  as  evidence  of  the  presence  of  the  "Carboniferous formations," 
except  the  occuirence  of  the  *^  carboniferous  fossils."  Even  where  ihe 
fossils  occur  there  may  be  no  coal,  but  all  search  for  coal  in  beds  con- 
taining any  other  than  the  Carboniferous  fossils  is  pure  waste  of  labour 
and  money. 

Within  my  own  experience  lai^  soms  of  money  have  been  absolutely  tiirovn 
away,  which  the  slightest  acquaintance  with  paleontology  would  have  saved.  I 
have  known,  even  in  the  rich  coal  district  of  South  Staffordshire,  shafts  continued 
down  below  the  Coal-measures,  deep  into  the  Silurian  shales,  with  crowds  of 
fossils  brought  up  in  every  bucket,  and  the  sinker  still  expecting  to  find  coal  in 
beds  below  those  Silurian  fossils.  I  have  known  deep  and  expensive  shafts  sunk 
in  beds  too  far  above  the  Coal-measures  for  their  ever  being  reached,  and  similar 
expensive  shafts  sunk  in  black  shales  and  slates  in  the  lower  rocks  &r  below  the 
Coal-measures,  where  a  pit  might  be  sunk  to  the  centre  of  the  earth  without  ever 
meeting  with  coaL  Nor  are  these  fruitless  enterprises  a  thing  of  the  jMst.  Thej 
are  still  going  on  in  spite  of  the  silent  warnings  of  the  fossils  in  the  rocks  around, 
and  in  spite  of  the  loudly-expressed  warnings  of  the  geologists,  who  understand 
them,  but  who  are  supposed  still  to  be  vain  theorists,  tmd  not  to  know  ao  much  as 
"  the  practical  man."  • 

*  I  have  elsewhere  stated  my  belief  that  the  amount  of  money  fruitlessly  e^qtended  In 
a  Tidiculoas  search  after  coal,  even  within  my  own  experience,  wcmld  have  paid  the  entire 
cost  of  the  Oovemment  Oeological  Survey  of  the  United  Kingdom.  It  is  a  curious  per- 
versity of  the  human  mind,  that  men  prefer  to  take  the  advice  of  those  whose  interest  It 
is  to  get  them  to  spend  money,  rather  than  the  warnings  of  those  who  can  have  no  interest 
in  inducing  them  not  to  spend  it. 
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HISTOEY  OF  THE  FOEMATION  OF  THE 
CEUST  OF  THE  EAETH. 


CHAPTEE  XXIX. 

PRELDONABY   OSSERVATIONS. 

In  the  three  preceding  parts  we  have  been  dealing  with  general  prin- 
ciples : — In  the  first  place,  we  examined  the  composition  of  minerals 
and  rocks,  and  the  great  structures  which  are  common  to  rocks  of  all 
kinds  and  of  aU  ages  ;  in  the  second,  the  various  agents  by  which  the 
formation  of  rocks  and  other  geological  changes  are  brought  about ;  while 
in  the  third,  we  considered  fossil  animals  and  plants  in  their  relations 
to  living  beings,  and  mentioned  some  of  the  general  facts  of  distribu- 
tion observed  by  them,  and  general  conclusions  to  be  drawn  from  them. 
We  had  frequent  occasion  to  note  the  vast  periods  of  time  required  for 
the  production  of  the  different  phenomena  we  met  with,  but  we  did 
not  stop  to  consider  the  relations  of  these  several  periods  of  time  to 
each  other,  or  to  describe  in  regular  order  and  sequence  the  events 
which  had  happened.  This  is  now  what  remains  for  us  to  do.  We 
have  to  give  a  history  of  the  formation  of  the  crust  of  the  earth,  by 
tracing  out  the  order  of  succession  of  the  different  rock  groups  of  which 
it  is  made  up,  noting  the  causes  which  operated  in  their  production,  and 
gleaning,  from  their  relation  to  each  other,  some  notion,  perhaps,  of 
what  happened  in  the  periods  which  intervened  between  the  times  of 
their  production. 

The  way  in  which  this  knowledge  is  to  be  gained  will  probably  be 
now  sufficiently  obvious  to  the  student  At  page  188,  et  $eq.,  we  saw, 
that  after  having  acquired  a  knowledge  of  the  number  and  nature  of  a 
series  of  beds,  by  examining  a  cliff  on  the  searshore,  or  other  ''  section  " 
where  they  were  well  exhibited,  any  little  natural  or  artificial  excava- 

2  L 
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tion  in  the  interior  of  the  country  which  enahled  ob  to  identify  one  of 
these  beds  assured  us  of  the  presence  of  the  rest  above  and  below  it 
By  searching  out  places  where  such  "  sections "  are  to  be  seen,  and 
then  following  the  strata  by  different  indications  across  a  district,  and 
identifying  them  either  by  lithological  or  palseontological  characters, 
or  by  actually  tracing  their  outcrop  without  losing  sight  of  them,  and 
perfonning  the  same  process  for  the  sets  of  beds  that  successively  cover 
them,  or  rise  up  from  beneath  them,  we  eventually  survey  great  tracts 
of  country,  and  arrive  at  a  knowledge  of  the  order  and  succession  of 
subterranean  groups  of  rock,  to  a  much  greater  depth  than  it  would  be 
possible  to  reach  by  any  jffocess  of  mining  or  direct  excavation. 

The  history  of  the  formation  of  the  whole  crust  of  the  globe,  then, 
is  to  be  learned  by  piecing  together  our  knowledge  of  different  parts  of 
it,  each  part  being  separately  investigated,  and  joined  to  another  by 
means  of  some  portion  or  portions  that  are  proved  to  be  common  to 
the  two.  Suppose,  for  instance,  that  the  group  of  beds  from  a  to  6 
(Fig.  41,  p.  187)  were  seen  in  one  place,  and  that  we  there  learnt  the 
history  of  their  production,  and  gained  thereby  a  record  of  which  the 
earliest  portion  is  contained  in  the  beds  at  a,  and  the  latest  in  the  beds 
at  b  ;  and  suppose  that  no  beds  above  h  were  there  visible,  but  that  we 
could  either  trace  b  into  another  district,  or  could  identify  it  there,  and 
that  we  then  found  another  great  series  of  beds  over  (,  and  there  learnt 
the  history  of  their  production,  carrying  it  on  to  the  beds  about  d  for 
instance  ;  it  is  dear  that  we  should  there  extend  our  record  from  a  to 
d,  and  this  we  should  do,  whether  or  no  there  may  be  any  one  place 
where  the  whole  series  of  beds,  from  a  to  d,  he  simultaneously  piesoit 

We  might  give  this  history  in  either  of  two  ways — namely,  by 
investigating  or  tracing  it  backwards  from  the  present  to  the  past,  or 
by  narrating  it  as  nearly  as  possible  in  the  order  in  which  it  occurred. 
I  prefer  the  latter  method  as  the  shorter  and  more  intelligible,  since  it 
is  hoped  that  the  previous  parts  of  this  work  will  have  sufficiently 
prepared  the  student  to  und^tand  it  As,  however,  to  narrate  this 
history  in  full,  even  so  far  as  it  is  already  known,  would  require  a 
library  rather  than  a  book,  what  will  be  here  given  must  be  taken  as  a 
mere  abstract,  a  chronological  table  rather  than  a  history,  by  means  cf 
which  the  student  will  be  able  to  refer  to  its  proper  period  any  more 
detailed  account  of  its  different  portions,  which  he  may  either  read  of 
or  observe  for  himself. 

Even  this  abstract  can  only  be  a  very  imperfect,  broken,  and  frag- 
mentary one.  Comparatively  few  parts  of  the  earth's  surface  have  as 
yet  had  their  structure  even  sketohed  out ;  still  fewer  have  been 
accurately  surveyed,  and  had  their  details  thoroughly  unravelled. 
Many  of  the  events,  therefore,  which  are  now  supposed  to  have 
occurred  contemporaneously  in  different  places,  may  in  reality  have 
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occurred  in  snccession  ;  some  of  those  which  we  imagine  to  have  hap- 
pened at  different  times  may  have  been  more  or  less  contemporaneous  ; 
while  many  which  are  supposed  to  have  directly  succeeded  each  other 
may  have  been  separated  in  reality  by  great  spaces  of  time,  of  which  there 
axe  no  records  as  yet  discovered,  or  of  which  none  may  ever  be  found. 

As  the  structure  of  the  British  Islands  is  better  known  than  that  of 
any  other  part  of  the  globe  of  equal  dimensions,  and  contains  a  more 
complete  series  of  rocks  in  a  small  space  than  any  other  known  district, 
we  diall  take  that  as  the  principal  authority  for  our  history,  pointing 
out  the  seyeral  groups  of  rock  which  were  produced  in  this  part  of  the 
globe  during  the  several  periods,  mentioning  a  few  of  the  principal 
fossils  they  enclose.  We  shall  then  give  some  of  those  other  well- 
known  typical  groups  of  rock  which  are  regarded  as  contemporaneous 
or  at  least  homotaxial*  with  them  in  other  parts  of  the  earth.  Where 
a  group  of  rocks  is  known  of  which  we  have  no  homotaxial  representa- 
tdye  in  the  British  Islands,  it  will  of  course  be  best  to  describe  it  from 
its  best  known  locality.  Our  history,  however,  will  be  chiefly  that  of 
the  formation  of  the  Celtic  or  British  province,  as  we  may  call  it,  with 
occasional  reference  to  the  history  of  other  provinces. 

Ohronologioal  Nomenolature. — One  difficulty  jneetsns  at  the  outset 
as  to  our  nomenclature,  that  is,  as  to  the  names  we  .are  to  give  to  the 
different  periods  of  past  time.  This  difficulty  must  at  present  be 
evaded,  since  the  time  has  not  yet  arrived,  that  is  .to  say,  our  know- 
ledge is  not  yet  complete  enough  to  enable  us  to  ^veicome  it 

The  early  geological  observers  described  certain  kinds  of  rock,  to 
which  particular  names  were  given.  These  names  were,  in  the  first 
instance,  Uthological,  or  descriptive  of  the  kind  of  stone,  of  which 
Chalk  and  OoUte  are  instances.  In  other  cases  they  were  petrological, 
such  as  Mountain  Limestone,  Coal-measures,  etc  Others  again  were 
geographical,  of  which  Wealden,  Neocomian,  Silonan,  Oxford  Clay,  are 
examples ;  while  others  were  local  terms  adopted  by  geologists,  such  as 
Idas,  Combrash,  Gault,  etc  Such  terms  as  Old  and  New  Red  Sand- 
stone were  both  lithological  and  stratigraphical,  referring  at  once  to  the 
kind  of  rock  of  which  the  formations  were  composed,  and  the  relative 
place  of  the  formations  in  the  series.  Gradually,  as  extended  observa- 
tion showed  that  aqueous  rocks  occurred  in  a  certain  order,  and  formed 
a  succession  of  beds  regularly  superimposed  one  upon  the  other,  a 
chronological  sense  began  to  be  extended  to  these  terms,  for  it  was 
clear  that  each  bed,  and  each  group  of  beds,  was  newer  than  those 
below  it,  and  older  than  those  above  it,  while  those  occupying  the 
same  place  in  the  series  were  contemporaneous.  Thus,  The  OoliU,  and 
The  Chalk,  came  to  mean,  not  only  the  rocks  to  which  these  names 
were  first  and  truly  applied,  because  they  consisted  of  the  kind  of  stone 

*  See  ofOe,  p.  600. 


616  STRATIGRAPHICAL  GEOLOGY. 

called  Oolite  and  Chalk,  but  also  all  other  kinds  of  rock  which  occupied 
the  same  lelative  place  in  the  general  geological  seiiesy  and  contained 
the  same  fossils.  The  Cretaceous  or  Chalk  rocks,  then,  might  be  made 
either  of  white  chalk,  of  black  marble,  of  brown  sandstone,  or  bine 
slate  ;  ''  Cretaceous  rocks,*'  meaning  in  reality  only  rocks  of  th^  wame 
age  as  the  Chalk,  or  at  least  homoiaanal  with  it  Silurian  rocks,  in  like 
manner,  mean  those  of  the  same  age  as  or  hom&taxial  with  the  rocks  of 
Siluria,  and  so  of  tiie  rest  This  double  signification  of  words  is 
almost  unavoidable,  and  the  student  will  find  himself  naturallj  and 
inevitably  falling  into  it  in  the  course  of  his  geological  pursuits.  When, 
then,  we  speak  of  Silurian,  or  Carboniferous,  or  Oolitic,  or  Cretaceous 
periods  of  time,  the  reader  must  pardon  the  apparent  contradiction  in 
the  terms,  and  look  on  the  names  as  names  only,  and  not  as  descriptive 
designations.  This  is  indeed  what  we  do  in  ordinary  language,  and  in 
human  history,  since  we  speak  of  the  Babylonian,  the  Greek,  or  the 
Roman  periods,  and  thus  give  chronological  significations  to  mere 
geographical  terms. 

It  is  doubtless  puzzling  enough  at  first,  if  we  are  shown  in  South 
America  a  mountain  of  blue  clay-slate,  and  told  that  that  is  '^  Chalk  ;" 
or,  if  we  find  the  same  term  applied,  in  North  America,  to  a  group  of 
sandstones,  shales,  and  coals.     Many  persons  are,  in  like  manner,  per- 
plexed when  they  find,  in  the  British  Islands,  clay-slate  spoken  of  as 
"  Old  Red  Sandstone  ; "  but  this  difficulty  vanishes  if  we  recollect  that 
when  used  geologically  these  words  mean  a  period  of  time,  and  not 
any  particular  kind  of  rock.     The  term  Old  Red  Sandstone  was  at  first 
applied  to  a  large  system  of  rocks,  of  which  red  sandstones  were  the 
most  conspicuous  portions,  although  beds  of  day,  and  even  thin  beds 
of  limestone,  as  well  as  beds  of  white,  yellow,  or  green  sandstones,  ako 
occurred  in  it     It  was  called  oW,  because  it  lay  below  the  Carbonifer- 
ous rocks,  while  there  was  another  system  of  red  sandstones  which  lay 
above  the  Carboniferous  rocks,  and  was,  therefore,  called  new.     But  it 
has  been  already  remarked   that  formations,  when  they  are  traced 
laterally  over  large  areas,  are  often  apt  to  change  their  lithological 
characters,  either  in  consequence  of  the  gradual  termination  of  one  set 
of  beds  and  the  setting  in  of  beds  of  a  dififerent  kind,  or  because  they 
have  come  within  the  reach  of  subsequent  influences  in  one  region 
which  did  not  affect  them  in  another.    When  then  we  trace  the  Old 
Red  Sandstone  across  a  large  tract  of  ground,  as  we  can  trace  it  across 
the  south  of  Ireland,  for  instance,  we  need  not  feel  surprised  at  its 
gradually  passing  from  a  sandstone  formation  into  a  clay-slate  forma- 
tion.    As  it  is  possible  in  Ireland  to  walk  along  it  from  one  district  to 
the  other  without  ever  leaving  it,  it  is  clear  that  if  it  ought  to  be  called 
Old  Red  Sandstone  in  the  one  district,  it  would  be  giving  two  names  to 
one  group  of  rocks,  if  we  gave  it  another  name  in  the  other  distaict 
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Whether  the  name  "  Old  Eed  Sandstone**  be  a  good  one,  is  another 
question.  It  is  retained  simply  because  it  is  generally  understood  that 
by  that  designation  we  mean  the  rocks  lying  next  below  those  called 
C^boniferouB.  It  is  avowedly  a  '^  provisional  **  designation,  just  exactly 
as  all  the  names  of  the  great  groups  of  stratified  rocks  are  provisionid. 
They  are  temporary  names  adopted  for  present  purposes,  and  have 
grwon  into  use^  and  will  continue  to  be  used  until  they  are  superseded 
by  more  appropriate  terms,  which  increasing  knowledge  only  can  show 
to  be  more  appropriate.  Many  attempts  have  been  made  to  introduce 
a  more  systematic  nomenclature  ;  but  they  have  all  fiedled,  because  the 
attempt  required  almost  prophetic  powers  on  the  part  of  the  inventor, 
who  should  know  what  would  be  wanted  in  a  few  years  time,  as  well 
as  what  is  wanted  now.  Any  scheme  of  nomenclature  which  is  not 
expansible  in  all  directions,  and  does  not  admit  of  re-adjustment  and 
interpolation,  according  to  circumstances  in  all  its  parts,  will  in  a  short 
time  be  found  to  serve  as  the  fetters  rather  than  the  clothes  of  the 
science.* 

In  speaking  of  the  great  groups  of  stratified  rocks  or  *'  formations,'* 
therefore,  the  student  must  clearly  understand  that  their  names  are 
often  used  also  as  the  names  of  the  periods  of  time  in  which  they  were 
formed,  and  accustom  himself  to  detach  from  these  names  aU  other 
meanings  they  may  have. 

The  igneous  rocks,  however,  are  named  on  lithological  grounds, 
although,  as  has  been  already  pointed  out,  a  broad  chronological  classifi- 
cation can  be  made  of  them.  The  crystalline  aggregate  of  felspar, 
mica,  and  quartz,  is  called  granite,  no  matter  where  it  was  formed,  or 
with  what  stratified  rocks  it  may  be  associated.  Felstone,  greenstone, 
trachyte,  and  basalt,  and  all  the  other  names  of  igneous  rocks,  refer  in 
like  manner  to  their  mineral  constituents  and  texture,  irrespective  of 
the  period  in  which  they  were  erupted,  or  the  part  of  the  earth's  crust 
in  which  they  are  found.  Among  the  stratified  rocks,  also,  all  names 
which  have  a  special  Uthological  signification,  such  as  shale,  grit, 
dolomite,  magnesian  limestone,  oolite,  etc.,  are  applied  to  the  variety  of 
rock  quite  independently  of  any  reference  to  the  time  when  it  was 
produced,  or  the  formation  to  which  it  belongs.  Any  limestone  of  any 
formation  may  become  magnesian ;  any  limestone  of  any  formation  may 
become  oolitic.  It  is  only  when  that  accidental  character  has,  by  use, 
been  applied  to  some  particular  group  of  stratified  rocks,  which  are 
then  spoken  of  as  The  magnesian  limestone,  or  The  oolite,  that  the 
words  acquire  a  technical  chronological  signification,  that  is  to  say,  may 

*  In  the  maps  and  publications  of  tho  Geological  Snrrey,  for  instance,  the  letter  "a" 
was  adopted  for  the  rocks  of  the  Cambrian  period,  as  being  the  earliest  period  of  which 
anything  was  known ;  the  discoveries  of  Sir  W.  Logan  and  Sir  R.  I.  Mnrchison,  have, 
however,  shown  us  rocks  belonging  to  still  earlier  periods,  and  if  we  wish  to  letter  them  on 
our  maps,  we  find  onrsel ves  at  a  loss  for  a  letter  before  '*  a  "  in  the  alphabet 
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be  used  to  designate  all  those  stratified  locks  which  are  representatiYe 
of  the  group  to  which  the  name  was  first  appHed. 

I  must,  therefore,  request  the  student  now  to  fix  his  attention 
chiefly  upon  time,  and  to  suppose  that  all  geological  time  is  divided 
into  three  great  portions  or  successions  of  periods,  which  we  may  call 
Primary,  Secondary,  and  Tertiary. 

The  Primary  periods  mean  simply  those  which  preceded  the  Second- 
ary, the  first  great  cycle  of  time  of  which  we  know  anything,  not  by  any 
means  the  first  time  of  all,  since  as  to  that  we  know  nothing.  The 
earliest  of  Primary  periods  has  no  definite  starting-point  Future 
investigations  may  show  us  formations  lying  below  those  which  are  the 
lowest  we  have  hitherto  discovered,  so  that  our  chronological  com- 
mencement is  lost  in  the  remote  past.  Geological  history  can  only 
begin  like  a  fairy  tale — *^  Once  upon  a  time  there  was  a  sea,  imd  in 
that  sea  certain  rocks  were  formed,"  and  so  on.  The  Secondary  periods, 
in  like  manner,  mean  those  which  succeed  the  Primary.  Geologists 
agree  to  draw  a  line  somewhere  in  the  series,  and  to  take  that  line 
as  the  boundary  between  the  Primary  and  Secondary  periods.  So  with 
the  Tertiary  periods,  a  certain  boimdaiy-line  is  drawn  as  the  close  of 
the  Secondary  periods,  and  all  time  since  then  is  included  in  the  Ter- 
tiary periods.* 

As  synonyms  of  these  words,  Primaiy,  Secondary,  and  Tertiary,  tiie 
words  Palaeozoic,  Mesozoic,  and  Cainozoic,  signifying  the  periods  of 
ancient,  middle,  and  modem  life,  have  been  proposed  by  Professor 
Phillips,  and  pretty  generally  adopted.  Geological  time,  then,  may  be 
thus  arranged : — 

III.  Tertiary  or  Cainozoic  Periods. t 

Human,  Historical,  or  Becent  era. 
Pleistocene  era. 
Pliocene  era. 
Miocene  era. 
Eocene  era. 

*  The  word  "  period  "  la  used  hj  geologists  In  a  rery  loose  way,  to  deatgnate  any  long, 
tolerably  well-marked  portion  of  time.  The  time  daring  which  Uie  Carboniferous  limestone 
was  formed,  for  example,  is  spoken  of  as  the  Carboniferous  limestone  period ;  but  that  time, 
▼ast  though  it  was,  formed  but  a  port  of  a  far  longer  interval,  during  which  the  rest  of  the 
Carboniferous  system  was  formed,  and  which  is  termed  the  Carboniferous  period.  Then, 
again,  the  Carboniferous  is  only  one  of  several  enormous  cycles  of  time,  which  are  eom- 
prised  within  what  is  often  caUed  the  Palceosoic  or  Primary  period.  It  would  perhaps  he 
best  to  restrict  the  term  "period  "  to  express  the  interval  of  time  required  for  the  produc- 
tion of  a  system  of  formations,  such  as  Carboniferous,  Permian,  Cretaceous,  etc,  using 
some  other  word,  such  as  "  age,**  to  denote  the  subordinate  intennal  occupied  by  the  e]alM>> 
ration  of  each  fonnation.— Ed. 

t  The  mode  of  arrangement  adopted  In  this  table  is  intended  to  Indicate  that  our  chrono- 
logy depends  on  the  fact  of  superposition  of  rock  groups,  and  that  it  theref<n«  commences 
with  the  lowest  of  these  groups. 
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II.  Secx>ndabt  or  Mesozoic  Periods. 

Cretaceous  era. 
Jurassic  era. 
Triassic  era. 


L  Primart  OB  Paljeozoic  Periods. 

Permian  era. 

Carboniferoas  era. 

Devonian  and  Old  Bed  Sandstone  era. 

Silurian  era. 

Cambrian  era. 

Laurentian  or  Pre-Cambrian  eras. 

Edward  Forbes  suggested  that  both  from  palaBontological  and 
petrological  considerations,  it  might  be  better  if  we  obliterated  the 
division  between  the  Secondary  and  Tertiary  periods,  and  divided 
geological  time  into  two  periods  only,  namely,  Palsaozoic  and  Neozoic 
Perhaps,  as  our  knowledge  becomes  more  complete,  this  suggestion 
may  be  carried  out  The  most  marked  characteristic  of  the  Tertiary 
periods  is,  that  the  rocks  then  deposited  contain  the  remains  of  species 
which  still  exist  These  in  the  earlier  Tertiary  deposits  are  very 
few,  and  if  those  few  were  now  to  die  out  and  become  extinct,  the 
characteristic  would  be  lost,  and  the  palseontological  distinction 
between  Secondary  and  Tertiary  deposits  become  more  arbitrary  than 
it  is,* 

*  The  Btadent,  in  raiding  the  older  geological  worki,  wHl  meet  with  other  terms 
than  those  mentioned  abore,  which  it  will  be  as  well  to  explain.  An  opinion  onoe  existed 
that  all  such  rocks  as  granite,  togetherwith  the  crystalline  schists,  snch  as  gneiss  and  mica 
schists,  were  primUim  roefct,  and  that  the  ordinary  stratified  sandstones,  clays,  and  lime- 
stones, were  derived  from  these  sapposed  primitiTe  rocks ;  they  were  therefore  called 
secondary,  in  the  sense  of  deriratiTe,  rocks.  Extended  observation,  however,  showed  a 
class  of  rocks  with  characters  apparently  intermediate  between  those  which  were  sapposed 
to  belong  to  these  so-called  primitive  and  secondary  rocks.  For  this  class  the  term 
"transition"  was  invented.  Aboat  the  same  time,  the  idea  of  the  primUiven4*$  of  the 
granites  and  crjrstalline  schists  began  to  be  shaken,  and  the  tenn  primitive  was  modified 
Into  primary.  There  were  also  other  rocks  discovered  lying  above  those  which  had 
hitherto  been  taken  as  the  uppermost  of  the  secondary,  and  to  these  the  term  tertiaiy  was 
natorally  applied.  Bat  when  granite  was  found  to  be  not  only  not  a  primitive  bat  an 
introsive  rock,  and  also  not  solely  intrasive  into  primary  rocks,  but  intrusive  into  rocks  of 
afanost  all  ages ;  and  when  it  was  ascertained  that  the  crystalline  schists  were  in  reality 
metamorphic  rocks,  and  that  their  crystalline  schistose  diaiacter  was  not  peculiar  to  any 
geological  period,  the  term  "  transition  "  was  gradually  disused,  and  the  word  primary  lost 
the  Uthological  taint  which  it  had  derived  tnm  its  primitive  original,  and  acquired 
its  present  purely  chronological  sense,  as  simply  meaning  all  rocks  older  than  the 
saeondary. 
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For  conyenieoce  of  reference  it  may  be  twefol  to  give  here  s 
Synoptical  Table  of  the  vaiions  formations  into  which  the  depooils  (rf 
thew  great  Qeological  periodn  are  divided  la  Britun. 

Table  op  Britibh  Sediubhtabt  Stbata. 

/Blown  Sutd  ftnd  Bhlngle, 
'    ~  .ni     I  AIlDTlnm  ud  Blnr  Daltu. 

iHO,   i  Bortle  Bedi  oT  SonwrHt.    Benfaicnluli  CI>T«. 
(.Put  Bwa  ti  IrcLud,  md  FcBtr  Bad*  cf  BngUnd. 
Italwd  Snehet. 

"■ —  anvBli,  Brick  Buttu,  Md  Pnahntn  Ckr^  with 

■  or  KuBH  of  BootlMld. 

Tnta  and  Bbell-muL 
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Porbeek.    . 

Portluid     . 
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i  Middle  V  Porbeek  Bedf . 

(  Lower  (with  Dirt  Beds)  j 
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land.  I 
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^^Lower  Limestone  Shale  (     Series. 
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Upper  Llandovery  Bock. 
(May  Hin  Sandstone.) 
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.Lower  Llandovery  Rocks. 
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/Harlech  Orfts,  ete. 

Purple  Slates  and  Grits  (St  David's^ 
•{  Lhmberis  Grits  and  Slatea. 

Longmynd  Rocka. 

Red  Sandstone  and  Conglomerate  (SootlandX 

Fimdamental  Gneiss  of  the  N.W.  of  Scotland,  etc: 
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CHAPTER  XXX. 

L  PRIMARY  OR  PALAEOZOIC  PERIODS. 

UkTTBMNTIlLN  OB  FBIUOAMBBIAN  FIDBIOD. 

In  geological  history,  as  in  the  history  of  most  hnman  empires,  it  is 
difficult  to  point  out  any  definite  commencement.  If  we  assume  a 
starting-point,  we  must,  of  course,  allow  for  great  periods  of  preceding 
unreckoned  time,  and  for  many  unrecorded  events  which  led  up  to 
thoee  which  we  are  ahout  to  descrihe.  The  progress  of  geological  inves- 
tigation has  lately  disclosed  to  us  some  records  of  a  date  earlier  than  had 
been  previously  recognised.  Sir  W.  Logan  in  Canada,  and  Sir  Roderick 
Murchison  in  Scotland,  with  their  several  colleagues  and  fellow- 
labourers,  have  shown  distinctly  what  was  only  surmised  previously, 
that  certain  great  masses  of  highly  metamorphosed  rocks  come  out  from 
underneath  other  masses,  which  belong  either  to  the  Cambrian  period, 
or  to  an  older  one. 

The  labours  of  Sir  Roderick  Murchison,  aided  by  those  of  his 
colleagues  Professor  Ramsay  and  Mr.  Geikie,  and  also  by  Professor 
Harkness,  have  shown  that  the  crystalline  metamorphic  rocks  of  the 
Scottish  Highlands  consist  of  two  distinct  series,  one  of  which  consists 
of  altered  Lower  Silurian  strata^  while  the  other  is  more  ancient  than 
the  Cambrian  rocks,  and  is  parallel  with  the  Laurentian  system  of 
Canada. 

In  the  Hebrides,  and  at  different  parts  along  the  western  shore  of 
Sutherlandshire,  great  masses  of  highly  crystalline  gneiss  are  visible, 
often  consisting  of  alternate  homblendic  and  quartzose  folia,  but  having 
sometimes  felspathic  and  micaceous  layers,  with  occasional  beds  of 
limestone  and  ironstone.  The  foliation  coincides  with  the  stratification, 
and  the  strike  of  the  rocks  is  N.W.  and  S.E.  (or  at  right  angles  to  the 
general  strike  of  other  parts  of  the  country),  the  beds  dipping  either 
N.R  or  S.W.,  more  frequently  the  latter.  They  are  here  and  there 
traversed  by  veins  of  granite  proceeding  from  lajger  intrusive  granitic 
masses,  and  also  by  dykes  of  greenstone.  Upon  the  highly  inclined 
and  greatly  denuded  edges  of  these  beds,  rest,  quite  unconformably, 
thick  beds  of  a  red  sandstone  and  conglomerate,  which  is  itself  covered 
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nnconfonnably  by  beds  which  are  proved  to  be  lower  Silurian  by  the 
fossilB  they  contain.    (See  diagrammatic  section,  Fig.  149.)     This  red 


Fig.  149. 

Diagrammatie  Mction,  showliig  the  geological  straetare  of  the  northern  Higlilands.* 

d.  Lower  SiliiTian,  oiTstalliiie,  gneisiose,  and  mlcaoeons  flags,  c:  Lower  8llAna&, 
Qaartx-rook  and  Limestone,  with  OrthoeeraSf  PUooeras,  Madvrea,  OpMIeto,  Mtirckimmia, 
and  0rthi8  ttricUula  in  the  limestones,  and  annelid  tabes  in  the  quartz-rook.  h.  Red  Band- 
stone  and  Conglomerate,  2500  feet  thick,  formerly  supposed  to  be  Old  Bed  Sandstone, 
now  seen  to  be  Cambrian,    a.  Lanrentian  gneiss,  with  gimnite  veins,  etc 

sandstone  and  conglomerate  then  must  be  either  Cambrian  or  some 
still  older  deposit,  and  the  gneiss  formation  below  it  must  certainly  be 
of  pre-Cambrian  age.  Sir  R.  I.  Murchison  at  first  described  it  as 
Fimdamental  gneiss,  a  term  which  could  only  be  accepted  as  applicable 
to  Scotland,  since  still  lower  rocks  may  hereafter  be  seen  in  other 
districts.  In  the  last  paper  by  himself  and  Mr.  Geikie,  he  consideis 
it  as  contemporaneous  with  Sir  W.  Logan's  Laurentian  gneiss,  and 
speaks  of  it  by  that  designation.  This  parallelism  is  of  course  merely 
an  inferred  one.  The  oldest  gneiss  of  6anada  and  the  oldest  gneiss  of 
Scotland  are  homotaxial — that  is,  they  occupy  the  same  place  in  the 
succession  of  formations,  as  at  present  ascertained  ;  but  it  is  quite  pos- 
sible that  the  one  was  formed  in  a  very  different  stage  of  the  world's 
hiBtoiy  from  that  in  which  the  other  was  deposited. 

Foreign  Iiocalities. 

Canada. — Sir  W.  Logan  and  his  oolleagne  Mr.  Moiray  have  described  in 
North  America  a  vast  series  of  rocks,  once  ordinary  sedimentary  strata,  but  now 
contorted  and  highly  metamorphosed  and  crystalline,  to  which  they  have  given 
the  name  Laurentian,  from  the  great  development  of  these  rocks  along  the  ooimtiy 
drained  by  the  St,  Lawrence,  t 

There  is  a  Lower  Laurentian  gneiss  series,  with  an  Upper  Laurentian  gneta 
unconformably  covering  it,  their  joint  thickness  being  certainly  not  less  than 
80,000  feet.  The  upper  series  consists  in  large  measure  of  various  felspar-rocks, 
including  varieties  full  of  hypersthene,  and  some  mainly  compoaed  of  largely 
crystalline  labradorite.     The  Lower  series  is  chiefly  an  orthoclase  gneiss.     Both 

*  See  Harohlson,  Quart  Jowm.  GeoL  Soo.  zv.  p.  858 ;  zvi.  p.  215 ;  Nicol,  Op.  cU,  rSL 
p.  17 ;  Murchison  and  Qeikie,  Op.'eit  vol.  xvli.  p.  171 ;  and  their  Gtologieal  Map  qfSealla»i. 
Uarkness,  QuaH.  Joum.  Gtol.  Soc  vol  xvi.  p.  312. 

t  Bee  Sir  W.  Logan's  Geology  o/Canada,  and  Quart.  Jowm.  GeoL  Soc.  xzl  45. 
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of  them  contain  **  several  zones  of  limestone,  eacli  of  sufficient  volume  to  consti- 
tute an  independent  formation,"  three  of  which,  at  least,  belong  to  the  Lower 
division.  The  existence  of  these  limestones  in  gneissic  rocks  seems  conclusive 
proof  of  the  existence  of  animal  life  in  sufficient  abundance  to  form  such  calcareous 
masses.  The  organic  origin  of  the  limestone  has  been  confirmed  by  the  discovery 
in  that  rock  of  a  large  foraminifer,  named  Eozoon  CanadeTue.* 

Scandinavia, — ^It  is  probable  that  the  highly  metamorphosed  rocks,  which 
form  the  mountains  of  Norway,  belong  wholly  or  in  part  to  the  Pne-Cambrian 
periods.  An  Eozoon  has  been  found  in  the  limestone  of  a  gneiss  series  (believed 
to  be  Laurentian)  in  Finland,  f 

Bohemia  and  Bavaria. — A  formation  of  gneiss  with  associated  limestone, 
believed  to  be  of  Laurentian  age,  has  been  found  in  these  regions.  The  limestone 
has  yielded  two  foraminifers  allied  to  the  Canadian  species,  and  called  respectively 
Mozoon  Bohemicwn  and  JB.  Bavaricum.  t 

Future  research  will  probably  show  the  existence  of  other  pre-Cambrian 
metHm  Orphic  rocks  in  other  parts  of  the  world,  perhaps  in  South  America,  for 
instance,  or  Australia,  or  parts  of  Africa  and  Asia,  where  metamorphio  rocks  are  now 
known  to  exist,  or  may  hereafter  be  discovered,  but  of  which  the  true  geological 
horizon  has  not  yet  b^n  ascertained.  We  can  indeed  never  hope  to  discover  the 
tmaltered  deposits  of  the  earlier  ages  of  the  earth's  history.  The  first-formed 
aqueous  rocks  have  doubtless  long  ago  perished^  utterly,  either  from  erosion  by 
water  or  from  having  been  re-absorbed  into  the  molten  interior  of  the  earth.  The 
oldest  sedimentary  rocks  now  left  anywhere  upon  the  globe  must  necessarily  have 
suffered  more  from  these  two  actions  than  any  newer  rocks.  The  Laurentian 
system  is  the  oldest  we  have  yet  discovered,  but  its  records  are  nearly  obliterated, 
and  their  history,  therefore,  very  obscure; 

CAMBBIAN  FEBIOD. 

Wales  and  Shropshire  .-^-The  lowest  rocks  visible  in  North  Wales 
and  its  borders  having  been  called  the  Cambrian  rocks,  the  period  in 
which  they  were  deposited  may  be  called  provisionally  the  Cambrian 
period,  lliese  rocks  may  be  seen  largely  developed  in  the  hiUy  ground 
between  Harlech  and  Dolgelli,  in  parts  of  Caernarvonshire  west  of  the 
Snowdon  crest,  and  in  Anglesea,  where,  however,  they  are  much  meta- 
morphosed into  chloritic  schists  and  quartz  rocks.  They  are  still  more 
largely  exposed  in  the  Longmynd,  a  range  of  hilly  ground  to  the 
north-west  of  Church  Stretton  in  Shropshire.  The  following  suc- 
cession of  Cambrian  beds  is  described  by  Mr.  W.  T.  Aveline,  the 
thicknesses  being  of  course  approximate,  but  on  the  whole  nearly 
correct : — § 

*  See  the  descriptions  given  by  Drs.  Carpenter  and  Dawson  of  this  fossil  in  Quart. 
J&wm.  Gtol.  Soc  xxL  51 ;  zzii.  219 ;  xxiil.  257 ;  IntelUctwd  Obeerver,  No.  zl.  p.  800 ;  also 
MurchiBon'B  SUwria,  p.  12.  The  orguiic  origin  of  Eoaoon  has  been  disputed  by  Messrs. 
King  and  Rowney,  Qvati,  Joum.  Otol.  Soc.  zzii  185. 

t  See  Mnrchison,  Silvria,  p.  550. 

X  See  Hurchison,  SUuHoy  p.  872  and  references,  and  the  first  volume  of  the  Laiuktdureh- 
/onchung  mm  Bohmen,  sect.  ii.  pp.  246-50,  where  a  nature-print  and  coloured  lithographs  of 
EoMoon  Bohemicwn  are  given. 

f  Sheet  80  of  Horisontal  Sect  of  GeoL  Survey  of  Oreat  Britain. 
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Feet. 

Coane  red  sandstone 7000 

Red  sandy  micaceous  shale 300 

Hard  coarse  red  sandstone  and  shale  ^     .  4500 

Hard  gritty  grey  sandstone 1500 

Purple  sandy  shale        ...         ...  100 

Reddish-brown  coarse  sandstone      ....  2000 

Purple  shale  and  sandstone 4000 

Grey  rock,  very  hard 1000 

Hai^  conglomerate 200 

Hard  sandstone 400 

Greyish-blue  slaty  shale 2000 

No  base  seen 2Z^m^ 

The  position  of  these  rocks,  with  regard  to  the  overlyiiig  foimatioiu^ 
is  shown  in  Fig.  150. 

N.vf  fix 

SnPCTST0NE8  XOWCNiyND  ^**"*°* 

c       s       6  a-  a. 

PIg.lM.    ■ 

Section  across  the  Longinynd,  reduced  from  Sheet  86  of  the  Hoxlaontal  SectSona  of  the 
Oeological  Sonrey.    Length  of  section  about  nine  miles. 

d.  Upper  Silurian  (Wenlock  shale  and  Llandovery  sandstoneX 

c.  Lhmdeilo  flags,  w^^  gjj^^^j^ 

b,  Lingula  flags,     f 

a.  Cambrian  grits  and  slater 

In  another  section,  likewise  drawn  bj  Mr.  Aveline,  the  saccession 
of  strata  is  generally  similar,  but  exhibits  an  apparent  thickness  of 
28,000  feet*  In  one  drawn  by  Mr.  Selwyn,  across  tiie  coontiy  between 
Harlech  and  Dolgelli,  are  shown  8000  feet  of  thick  beds  of  hard  giej 
and  greenish-grey  quartz  rock,  sandstone,  and  blue,  green,  and  poiple 
clay-slate,  the  lower  part  of  the  series  not  being  seen.t  In  yet  another 
section,  drawn  by  Professor  Ramsay,  from  the  Menai  Strait  over 
Glyder  Fawr  to  the  north  of  Snovdon,  the  upper  5000  feet  of  the 
Cambrian  series  are  represented  as  consisting  of  green  and  purple 
slates,  grits,  sandstones,  and  conglomerates,  the  pebbles  in  the  latter 
consisting  of  quartz,  quartz-rock^  puiple  sandstone,  blue  slate,  black 
slate,  quartziferous  porphyry,  and  green  jasper,  t  The  Penrfayn  and 
Llanberis  slate-quarries  ane  worked  in  a  band  of  slate,  in  the  rxpptr 
part  of  this  series. 

According  to  the  researches  of  the  late  Mr.  Salter  and  Mr.  Hicks, 
the  Cambrian  series,  as  developed  in  Pembrokeshire,  is  divisible  into 
two  groups — 1st,  the  lower  or  Harlech  group,  consisting  of  purple  and 

*  Sheet  84  of  the  same  series  of  sections.  i  Op.  cU,  Sheet  87.  t  Op.ciL  SheetSL 
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greenish-grey  sandstone  ;  and  2d,  the  upper  or  Menevian  group,  about 
1500  or  1600  feet  thick,  consisting  of  dark  fags  and  shales,  and  covered 
by  the  Ffestiniog  group  or  Lingula  flags  of  the  Lower  Silurian  series. 

SooTLAin). — The  only  rocks  in  Scotland  which  can  be  assigned  to 
this  system  are  those  which,  from  Cai>e  Wrath  southward  into  Apple- 
cross,  lie  upon  the  fundamental  gneiss  of  that  r^on,  and  are  uncon- 
foimably  covered  by  the  lower  Silurian  quartz-rocks  and  limestones. 
They  consist  of  red  and  purple  sandstones  and  conglomerates,  and  are 
at  least  7000  or  8000  feet  thick  (see  Fig.  149).* 

I&BLAin). — In  the  northern  part  of  the  County  Wicklow  ;  in  the 
hill  of  Howth,  in  County  Dublin ;  and  in  the  Forth  mountain  district 
of  South  Wexford,  are  great  masses  of  rock,  believed  to  belong  to  the 
same  series  as  those  just  described  in  North  Wales.  Like  them,  they 
consist  of  massive  beds  of  grit  and  slate,  of  dull  green,  brown,  purple, 
and  liver-coloured  hues,  but  in  Ireland  they  have  also  many  thick,  but 
irregular,  and  often  interrupted,  beds  of  brown  and  yellowish  quartz 
rock  interstratifled  with  them.  They  are  greatly  disturbed  and  con- 
fused, so  that  no  continuous  section  can  be  followed  in  them,  although 
single  detached  exposures  show  thicknesses  of  several  thousand  feet. 
Bray  Head,  the  Devil's  Glen,  and  the  hill  called  Carrick  MacReily,  south 
of  that  glen,  the  cliffs  and  rocks  of  Howth,  exhibit  characteristic  examples 
of  the  rocks,  while  those  of  Wexford  may  be  seen  on  the  banks  of  the 
Slaney,  and  on  the  coast  about  Cahore  Point  Fig.  151  is  a  section 
representing  the  structure  of  Bray  Head. 
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Fig.  151. 
Sketch  section  of  Bray  Head.    Length  of  lectlon  abont  2  mflea. 
9.  Qnartz-Tock.  Gb.  Granite  blocks. 

Note.— In  this  flgnre  the  lower  part  is  intended  to  represent  the  coast  section,  and  the 
upper  part  the  slope  of  the  hill  above  it.  There  are  more  bands  of  quartz-rock  on  the  hill- 
top than  appear  in  the  sea-clifDi,  bat  the  one  which  forms  the  summit,  792  feet,  comes  down 
to  the  cUflb,  as  indicated  by  the  two  lines ;  the  beds  in  the  cliff  were  cross-barred  in  the 
original  drawing,  although  that  character  has  been  omitted  hi  the  woodcut 

CharacterMc  FowiU. — ^No  traces  of  organic  remains,  except  what 
have  been  called  fncoid-markings,  have  as  yet  been  observed  in  the 
Cambrian  rocks  in  North  Wales.  In  the  Longmynd,  however,  Mr. 
Salter  discovered  on  the  surface  of  some  of  the  slabs  numerous  small 
pits  occurring  in  pairs,  which  he  believed  to  be  the  borrows  of  small 
sea-worms,  and  called  Aremcolites  didyma^  and  also  an  obscure  impres- 

*  See  the  papers  quoted  in  the  flnt  note  on  p.  524. 
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non,  wUch  he  mippoeed  to  be  that  of  part  of  a  tiilobite,  vhicli  he  called 
Palaopjige  Itamaaj/i,  but  of  which  the  o^uiic  natuie  ia  now  verj  gene- 
rally discredited. 

In  the  Harlech  gronp  Ur.  Hicks  has  found  at  St  David's  a  toletablf 
abtmdsut  &ana,  containing  twentj  species,  referable  to  seventeen 
genera,  and  indnding  trilobites,  phyllopods,  brachiopods,  and  pteropodi, 
besides  annelid-tracks.  *  In  the  Uenevian  group  MesarB.  Salter  and 
Hicka  brought  to  light  a  pecnliarly  rich  fanna,  umnting  more  than  forty 
species,  among  which  are  included  some  large  trilobit«s,  one  of  which, 
Faradoxida  DavidU,  nearly  two  feet  long,  is  characteristic  of  the  gn>Dp.t 


FouU  Onnp  No.  1.  ]— Cunbrlu  Fonlli.    Inlaad. 
(L  OMlumli  Bntlqna.       e.  Blstlodsmia  HEbemlcam.       &  AnaicoUtM  didjina. 
i. ndlMa.        it  AuueUdl  tnckL  /.  HoUiufsuI  tnckst 

Professor  ThonUB  Oldham  (now  Dr.  Oldham,  Superintendent  of  the 
Geological  Survey  of  India)  was  the  first  who  noticed  in  the  Camhriau 
schisls  of  Bray  Head,  Wioklow,  the  peculiar  marHngs  afterwards  de- 

•  SeeBril.  AmK.Rip.  ises,  p.  OS;  ind  L^eU's  SiiuknTi  Jfaniuil,  p.  470. 

-)  Bea  BrU.  Aax.  Erp.  18«».««4e  ;  and  Qvart.  JtmrK  OtiL  Soe.  nL  nr. 

t  Ttas  rnctlooal  numben  ippenditd  to  thsu  flgnra  dinoU  the  proportion!  ther  bur  to 
Uie  ortglnala.  u  I,  one  tilrd,  elc.  If  the  higliaal  flgnni  b«  Os  nuawntor,  u  1,  It  WHiU 
UMS  that  the  Ugura  wu  thne  tlmai  the  die  of  the  oriffiaL 
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scribed  by  Professor  Edward  Forbes  as  Oldhamia^  in  honour  of  the 
discoverer.  Of  these  two  species  were  named  0,  antiqua  and  radiatay 
Professor  Forbes  considering  them  to  be  allied  to  Sertularian  zoophytes ; 
other  naturalists,  however,  believe  them  to  be  plants,  and  that  they 
may  have  belonged  to  lime-secreting  nullipores  or  idgte.  Dr.  J.  Kinahan 
found  marks  on  the  rocks  of  Bray  Head  like  the  mounds  and  holes  of 
lob-worms,  and  was  led  thereby  to  the  discovery  of  the  casts  of  the  tubes 
below,  and  by  a  lucky  blow  disclosed  one  which  retained  what  he  be- 
lieved to  be  marks  made  by  the  tentacles,  a  reduced  sketch  of  which  is 
shown  above,  in  Fig.  c  He  named  the  species  Uistioderma  Hibemicum, 
The  fossil  group  No.  1  contains  representations  of  all  the  known 
fossils  of  the  Cambrian  rocks  yet  found  in  Ireland.  The  Oldhamia 
radiata  is  very  common  in  certain  beds  of  purplish  and  greenish 
arenaceous  slates  in  two  or  three  places  on  Bray  Head,  and  at  Grey- 
stones,  County  Wicklow.  0,  antiqua  is  more  rare,  but  has  been  found 
not  only  at  Bray  Head  but  at  Howth  by  Dr.  Kinahan,  and  was  pro- 
cured largely  from  Carrick  mountain  by  J.  Flanagan,  in  soft  greenish 
slate.  The  HiBtioderma  has  not  yet  been  found  anywhere  except  at 
Bray  Head,  where  it  was  discovered  by  Dr.  Kinahan.* 

Foreign  IiocalitieB. 

Bohemia. — ^The  admirable  researches  of  M.  Barrande  have  brought  to  light 
the  existence  in  Bohemia  of  a  Cambrian  fauna  answering  to  that  found  in  the 
Meneyian  group  of  Pembrokeshire,  but  apparently  not  yet  containing  representa- 
tives of  the  older  or  Harlech  fauna. 

Scandinavia. — In  Norway  a  red  sandstone  and  conglomerate  lies  imconform- 
ably  on  the  older  gneiss,  and  passes  under  the  newer  gneiss  of  that  country,  and, 
like  the  corresponding  red  sandstones  in  the  north-west  of  Scotland,  is  referred  to 
the  Cambrian  series,  f  In  Sweden  some  horizontal  shales,  called  "  alum-schists," 
have  yielded  Paradoxides  HickeU  and  other  fossils,  corresponding  to  those  of  the 
Pembrokeshire  Cambrian  groups. :{: 

America. — In  Canada  the  Laurentian  gneiss  is  covered  unconformably  by  a 
series  of  sandstones  12,000  feet  thick,  to  which  the  name  of  "  Huronian  "  has 
been  given  by  Sir  William  Logan.     No  fossils  have  yet  been  found  in  it.  § 

♦  It  was  figured  and  described  by  him  in  the  Journal  Geol.  Soc.  Dub.  vol.  viii.  p.  68. 
t  See  Oelkie,  Proc  Eoy.  Soc.  Edin.  v.  p.  532.  J  See  Angelin's  Palaontologica  Suecica. 

§  See  Murchison,  SiluHa,  p.  426,  and  references. 
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CHAPTER  XXXI. 

8ILTJBIAN  FEBIOD. 
LOWEB  SlLUBIAH. 

Wales  and  Shbopshire. — ^The  tenn  Silurian  is  derived  from,  tlie 
name  of  an  old  BritiBh  tribe,  the  Silures,  who  inhabited  part  of  Sooth 
Wales ;  their  borders  being,  for  geological  pniposes,  a  little  extended 
into  Shropshire,  on  the  one  hand,  and  Pembroke  on  the  other,  and  the 
district  christened  by  Sir  Boderick  Mnrchison,  Siloria.  The  rocks,  first 
surveyed  in  that  district  by  him,  were  divided  into  two  series,  an  upper 
and  a  lower.  These  rocks,  especially  the  lower  part  of  the  series,  were 
afterwards  found  by  the  Geological  Survey  to  spread  to  the  nortJi-west 
in  many  large  imdulations,  so  as  to  extend  throughout  North  Wales 
also,  where  they  were  first  surveyed  by  the  Rev.  Professor  Sedgwick. 
They  may  conveniently  be  separated  into  two  series,  the  Lower  Silurian 
and  the  Upper  Silurian ;  and,  as  before,  we  may  take  these  terms  for  ihs 
provisional  designations  of  the  periods  during  which  they  were  formed. 
Merionethshire  and  Caernarvonshire  in  North  Wales,  and  Caermarthen- 
shire  in  South  Wales,  afford  us  the  best  developed  and  most  typical  groups 
of  the  rocks  formed  during  this  period. 
The  groups  are  the  following : — 

Feet 

6.  Lower  Llandovery  rocks 1000 

4.  Bala  beds,  or  Carodoc  rocks       ....         6000 

8.  Llandeilo  flags 5000 

2.  Tremadoc  slates 1000 

1.  Lingola  flags 5000 

w 

The  diagrammatic  section  given  in  Fig.  152  will  show  the  relations 
of  these  groups  to  each  other  in  the  county  of  Merioneth.* 

The  relation  of  the  lower  part  of  the  Silurian  series  to  the  Cambrian 
rocks  is  also  shown  in  Fig.  160,  where,  however,  the  upper  part  of  the 
former  is  concealed  by  unconformable  beds  belonging  to  the  Upper 
Silurian  series.t     In  all  cases  in  North  Wales,  there  seems  to  be  a 

*  This  section  is  condensed  (by  omItUng  the  igneous  rocks,  and  the  carves  and  ttnctaxm 
which  canse  the  same  beds  to  be  repeated  over  the  ground)  from  that  on  Sheet  87  of  tike 
Horizontal  Sections  of  the  Geological  Survey,  which  runs  ftom  near  Harledi,  acroos  the 
country  south  of  Bala  Lake.    It  was  run  by  Mr.  Selwyn,  Mr.  Aveline,  and  myselt 

t  Sheet  81  of  the  Sections  of  the  Geological  Survey,  dnwn  by  Professor  Bamaay  ftoa 
Menai  Straits  over  Glyder  Fawr,  shows  a  similar  relation  and  succession  of  groups. 
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perfect  confoimity  between  the  Cambnan  and  the  base  of  the  lower 
Silurian  series,  and  a  regular  gradation,  so  that  it  is  difficult  to  fix  upon 


VIBST  EAS'C 

HiiviAirr 


*'**^^''  CROnNO  S^  lAU  lAKE  ^,*  ^ 


Feet 
Base  of        ig.  Denbighshire  sandstone  (Wenlock  fossilB)        ....       0500 

Upper  Silurian.  ( /.  Tarannon  shales  (pale  elate)       .        * 600 

(e.  Lower  Llandovery  sandstone 200 


I  d.  Bala  beds  .....         ^ 

J      U^  Himant  limestone  in  Bala  beds     > 

]      Z«i  Bala  limestone  in  ditto         j 


Lower        J      l^  Himant  limestone  in  Bala  beds     >• 6700 

Silurian. 

ft  Ltandeilo  flags    .        .       .        .       • 8300 

<h.  Lingula  flags 5000 

a.  Cambrian  rocks 8000 

any  determinate  boundary  between  the  two.  This  is  the  case  even  with 
the  subdivisions  of  the  lower  Silurian  rocks  themselves,  since  the 
dark  slates  and  grits  or  flags,  of  the  Lingula  flags,  Llandeilo  flags,  and 
Bala  beds,  are  often  so  similar,  and  graduate  one  into  another  so  gently, 
that  no  good  physical  boundaries  can  be  detected  between  the  groups, 
and  we  are  dependent  solely  on  the  fossils  for  their  separation. 

In  South  Wales  the  obscurity  is  greater  on  account  of  the  lie  of  the 
rocks,  which  are  greatly  disturbed,  often  vertical,  and  traversed  by 
numerous  and  rapid  flexures,  so  that  although  the  type  of  the  Llandeilo 
flags  is  to  be  sought  in  Caermarthenshire,  it  would  have  been  impos- 
sible there  to  determine  the  whole  series.  It  is  necessary,  indeed,  to 
trace  the  rocks,  step  by  step,  from  Caermarthenshire  into  Merioneth 
and  Caernarvon  before  this  can  be  properly  done,  as  it  is  also  necessary 
to  follow  them  from  both  North  and  South  Wales  into  Shropshire, 
before  their  relations  to  the  deposits  of  the  next  period  can  be  com- 
pletely imderstood. 

1.  Iiingula  Flags. — ^Lnmediately  to  the  westward  of  the  Cambrian 
rocks  of  the  Longmynd  in  Shropshire,  and  therefore  above  them,  since 
the  dip  of  the  rocks  there  is  to  the  west,  come  some  dark  slaty  shales 
with  beds  of  grit  and  flagstone,  having  a  thickness  of  3000  or  4000 
feet  (see  Fig.  150).  Li  Merionethshire,  in  the  Barmouth  and  Harlech 
country,  the  Cambrian  rocks,  rising  up  en  masse  about  Rhinog  Fawr, 
stretch  round  it  with  a  semicircular  sweep,  dipping  near  Harlech  to 
north-west,  near  Trawsfynnydd  to  north,  and  then  curve  round  so  as  to 
dip  eastward,  thence  down  to  Barmouth.  They  everywhere  dip  under, 
and  are  succeeded  by,  masses  of  dark  slate,  often  ferruginous,  with 
banded  arenaceous  flags,  the  surfaces  of  which  are  spotted  with  impres- 
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sioDs  of  linffuke.  The  beda  thus  chaiacteiised  have  a  Uuckneas  of 
about  5000  feet  in  this  locality.  la  like  numner,  in  CaemarvoashiK, 
between  the  Menai  Straite  and  the  crest  of  the  Snowdon  lange,  the 
Cambrian  rocks  dip  beneath  3000  or  4000  feet  of  dark  blae  or  black 
slate,  vith  gray  &nd  brown  sandstone.  These  beds  are  the  Lingola 
flags  of  Professor  Sedgwick  and  Mr.  Davis,  a  term  derived  from  iLe 
occurreace  in  these  strata  of  a  LinguUlla  (formerly  called  Lingula). 

The  Lingula  Flags  pass  down  conformably  into  the  top  of  the 
Cambriaa  series,  and  are  indeed  closely  linked  with  that  seiiea  both 
stratigraphically  and  palseontologically.     Though  no  decided  uncon- 


a   I 


Llnguli  Flag  Pc 
B,  Cniiiini  MtDlpllciiU. 

b  UnguldU  Duvisii.  /■  Bfnieiioeuii  TcnuIOLDdm. 

formability  has  been  detected  between  the  Lingula  Flags  and  higher 
parts  of  the  Bystem,  such  is  inferred  to  exist  in  North  Wales,  where  in 
a  distance  of  only  eleven  miles  that  group  of  strata  diminishes  in 
apparent  thickness  from  5000  or  6000  feet  to  only  2000  feet,  not  by 
on  actual  thiimiog  out  of  the  beds,  but  "  probably  by  unconformable 
overlap."  This  phjrsical  break  is  further  confirmed  by  a  marted 
change  in  the  fossils,  those  of  the  Lingula  Flags  dillering  to  a  gtest 
extent  generically,  and  almost  wholly  specifically,  from  those  of  the 
overiyiug  groups.* 

•  RaoiMj-i  SarA  Wala—ilem.  Gtol.  Svrv.  [U.  SSO. 
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Crustacea 


Plant     .     .    Cmziana  semiplicata 
Polyzoa .    .     Dictyonema  sociale 
Brackiopoda    Lingulella  Davisii 

lepis 

Orthis  lenticnlaris 
Agnostus  princeps 
Conocoiyphe  invita 

depressa 

H3rmenocaris  Tenuicaada 
Oleniis  alatus. 

micrams 

Paradoxides  Hicksii  . 
Davidifl  . 


Charctcterisitc  Fossils. — ^About  forty  species  of  fossils  have  been 
obtained  from  this  group.  The  following  list  may  be  taken  as  con- 
taining the  characteristic  forms 

F08S.  gr.  2,  a.  * 

F088.  gr.  2,  6. 

F08S.  gr.  2,  c 

M.G.S.  ill.  p.  334,  fig.  11. 

M.G.S.,  iii  pi  4,  figs.  8-10. 

Foss.  gr.  2  ^ 

M.G.a,  iii.  pi.  4,  figs.  6-7. 

SiL  foss.  6,  fig.  2. 

Foss.  gr.  2,/. 

Foss,  gr.  2,  d. 

M.G.S.  iii.  pi.  4,  fig.  12. 

SiL  foss.  (45),  fig.  1. 

2.  Tremadoo  Slates. — Under  this  name  is  included  a  group  of  dark 
slates,  which  have  only  a  local  development,  but  near  Tremadoc,  in 
Caernarvonshire,  attain  a  thickness  of  more  than  1000  feet.  Thirty-six 
species  of  fossils  (on  the  whole,  distinct  from  those  of  the  Lingula  Flags 
and  the  Llandeilo  beds)  have  been  obtained  from  these  slates,  including 
two  genera  of  pteropods,  two  genera  of  cephalopods,  seven  genera  of  trilo- 
bites  (Angelina J  Asaphus,  Chei9*urus,  Conocoryphef  Dikelocephalus,  Ogygia^ 
and  Olenui),  and  the  Lingvlella  Bavisii.  This  group  of  strata  dies  out 
northwards,  so  as  to  allow  the  Llandeilo  rocks  to  come  down  directly 
upon  the  Cambrian  series. 

8.  IJandeilo  Flags. — ^Where  the  whole  series  is  most  fully  developed 
in  North  Wales,  the  Tremadoc  slates  are  found  to  be  covered  by  other 
beds  of  dark  slate  and  sandy  flags,  with  bands  of  sandstone  occasionally, 
which  cannot  be  separated  physically  from  those .  below  them,  but  con- 
tain a  different  group  of  fossils,  and  are  about  5000  feet  thick.  In  South 
Wales  these  fossils  are  found  in  a  well-marked  group  of  rocks,  consisting 
of  finely-laminated  dark-brown  sandy  flagstones,  interstratified  with  black 
earthy  slates,  and  containing  calcareous  bands  that  sometimes  become 
r^ular  limestones,  and  are  still  worked  for  lime.  Similar  rocks,  like- 
wise containing  one  (or  two)  bands  of  limestone,  occur  also  in  North 
Wales,  near  Llanrhaidr  yn  Mochnant,  the  limestone  forming,  in  one 
place,  a  conspicuous  crag  called  Craig-y-Qlyn.  In  South  Wales  the 
beds  are  very  well  seen  near  the  small  town  of  Llandeilo  Fawr,  whence 
Sir  R.  L  Murchison  named  them  the  Llandeilo  flags. 

*  The  referendes  here  given  point  out  where  figures  of  the  fossils  named  may  be  seen. 
"  Foss.  gr."  refers  to  the  groups  of  fossils  figured  in  this  work ;  "Q.  J.  GeoL  80c,"  to  the 
Quarterly  Jowmal  of  ikt  GtoiogicaX  Society  of  London;  "SU.  foes./'  to  the  groups  in  the 
woodcuts  in  the  4th  edition  of  Siluria ;  "  Sil.  foss.  pi.**  to  the  plates  in  the  same ;  **  PaL 
foss.,**  to  McCoy's  PaUeotoie  FoetiU,  published  by  Professor  Sedgwick ;  "  Dec.  O.  8.,**  and 
**  M.  O.  8.,'*  to  the  Decades  and  Memoin  of  the  Geological  Survey ;  "  M'Coy,  SiL  foss.,"  to  the 
saurian  Foaiils  of  M'Coy,  published  by  Sir  R  Griffith,  Bart. ;  "Portl  G.  B.,"  to  Portlock's 
Geological  Report,    Other  sources  will  be  pointed  out  hereafter. 
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Charaeterittie  FoniU. — Theee  an  «.biuid&nt  at,  die  localitiei 
mentioiied,  and  may  frequently  be  procured  in  other  places,  wbefe  the 
group  ia  exhibited.  In  a  quarry  by  Pont  Indies,  near  Llandeilo  Fawt, 
I  observed,  in  the  year  1857,  some  dark  grey  carbonaceoiu  shales,  wiH 
beds  of  brownish  Bandstone,  coreied  with  black  Mains,  like  the  i«- 
maina  of  plants.  Some  of  these  were  carved  linear  stripeg,  an  inch 
wide,  and  two  or  three  feet  long ;  others  were  black  concretionaiy 


Fa«>lt  Onmp  Ho.  1. 

Uuidaao  Flig  VdhOi. 

B.  DIdTmogniwai  HarcUaoDlL       e.  Orthii  iliU.  i.  Aaphoi  tjnBBa*. 

a.  Butritea  poregilDiu.  ±  TiIoiicIsub  Ombriitna.      /.  Ogntl*  BaehiL 

nodnles  squeezed  flfit  in  dimple-like  depieseions,  and  some  stains  goin^ 
through  the  beds  like  roots.  They  were  associated  with  small  cotals, 
and  covered  by  beds  containing  the  trilobite  named  Ogygia  Bitehii ; 
otherwise  the  beds  looked  like  Coal-meaanres  with  plant  remains.  They 
were  possibly  the  tangled  remains  of  sea-weeds,  matted  together  in  a 
bed  of  silt.  They  are  interesting  as  giving  us  a  possible  clue  to  the 
existence  of  beds  of  anthracite,  occnrring  either  in  these  rocks  ot  the 
next  succeeding  group. 


n  tnj  WSJ  oicept  u  TBtj  obacnn 


LOWEB  SILtnUAK  PERIOD. 


535 


Annelida 


EydroKoa 


CSiondrites  informis 
Palffiochorda  nu^or 
minor 


DidymograpsuB  Murchisonii 
Diplograpsus  pristis 

Graptolitiitis  Hisingeri  (sagittariuB)  Q.  J.  Qeo.  Soc.,  yiiL  pL  21,  fig.  8. 

Foss.  gr.  8  b. 


Rastiites  peregrinus 
Brackiopoda   Lingola  attenuata  . 

Orthis  alata   . 

Siphonotreta  micnla 
Conch^era.    Palsarcha  amygdalis 

socialis  . 

Cfasteropoda    Enomphalas  Corndensis  . 

Ophileta  compacta . 

Maclurea  Logani    . 

Peachii    . 


ffeteropoda 


Cephalopoda 
Annelida    . 

Cnutaeea  . 


Orthoceras  Ayelinii 
Nereites  CambrensiB 

Sedgwickii 

JSgllna  binodosa    . 
Ampyx  nudns 
Asaj^uB  laticostatiis 
■'  tyrannua  . 
Calymene  parvifrons 
niaenus  perovalis    . 
Ogygia  Bnchii 

Selwynii     . 

Trinucleos  fiinbriattLB 
Lloydii. 


PaL  foRS.  pi.  1  A. 
PaL  foss.  t.  1  A. 
Do.  Do. 

Foss.  gr.  8,  a. 
Sil.  foss.  pL  1,  fig.  % 


SiL  foss.  11,  fig.  18. 

Fobs.  gr.  8,  c. 

SiL  foss.  11,  fig.  17. 

M.G.S.  iil  pi.  11,  6,  fig.  17. 

Bf.G.S.  iil  pi.  11,  a,  fig.  18. 

SiL  foss.  pi.  7,  fig.  5. 

SU.  foss.  27,  fig.  4. 

SiL  foss.  40,  fig.  1. 

SiL  foss.  27,  figs.  1,  2. 

Sil.  foss.  9,  fig.  4. 

SiL  foss.  42,  fig.  8. 

SiL  foss.  42,  fig.  2. 

SiL  foss.  9,  fig.  6. 

SiL  foss.  48,  fig.  7. 

PaL  foss.  p.  170. 

Foss.  gr.  8,  e. 

SiL  foss.  10,  fig.  4. 

Sil.  foss.  4,  figs.  13, 14. 

Foss.  gr.  8,  /. 

Sil.  foss.  9,  fig.  8. 

Foss.  gr.  8,  d, 

SiL  foss.  10,  fig.  7. 

SiL  foss.  8,  and  p.  521. 


!  Ribeiria  complanata     . 

4.  Bala  and  Oaradoo  Oroup.  —  The  central  part  of  Merioneth, 
aronnd  the  town  of  Bala  and  its  lake,  affords  the  most  typical  example 
of  these  rocks.  No  hard  line,  however,  can  be  drawn  between  them 
and  the  UandeHo  flags  below.  The  black  slates  gradually  become 
more  sandy  and  gritty  in  texture,  and  more  grey  in  colour,  as  we  pass 
from  the  Arenig  mountains  towso^  Bala,  so  that  over  the  black  slates 
which  we  may  assign  to  the  Llandeilo  flags,  we  get  grey  grits  and  slates 
with  a  total  thickness  of  5000  or  6000  feet,  which  we  may  class  with 
the  Bala  beds.  This  thickness  may  be  subdivided  near  Bala  in  the 
following  way  : — * 


g.  Dark  grey  and  black  sandy  slates 

/.  Himant  limestone  . 

e.  Orey  sandy  slates  and  grits 

d  Bala  limestone 

c.  Grey  sandy  slates  and  grits 

b.  Bala"a8hbed"ortuflF      . 

a.  Grey  sandy  slates  and  sandstones 


Feet 
1200 

10 
1500 

25 
1400 

15 
(say)  1850 


5500 


*  See  section.  Fig.  152. 
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The  Bala  toff  (()  disappears  in  the  hills  to  the  south  of  the  lake,  althon^ 
the  calcareous  band  (d)  called  the  Bala  limestone  is  distinctly  traceable  some 
miles  farther  south,  dying  away  towards  Dinas  Mowddwy.  The  Himant  lime- 
stone (/)  is  only  seen  at  one  spot  in  the  valley  called  Himant,  three  miles  east  of 
Bala,  and  another  a  mile  or  two  north  of  it.  As  the  beds  are  traced  to  the  north- 
west and  west,  the  Bala  limestone  retains  its  characters  very  persistently  to  the 
neighbourhood  of  Penmachno,  and  the  tuff  (6)  is  always  found  at  about  the  same 
distance  below  it ;  another  similar  tuff  coming  in,  in  some  places,  about  a  thousaml 
feet  lower  down.  The  occurrence  of  the  two  peculiar  beds,  the  limestone  and  the 
tuff,  below  it,  enabled  me,  when  surveying  the  ground  in  1846  and  1847,  to  trace 
them  through  a  number  of  large  dislocations  across  a  broken  country,  firom  the 
valley  of  the  Dee  to  that  of  the  Conway. 

To  the  west  of  the  Conway  valley  the  Bala  beds  became  more  and  more  in- 
vaded by  igneous  rocks,  both  contemporaneous  and  intrusive,  and  the  tufiis  or  ash- 
beds  join  on  to  their  parent  bands  of  contemporaneous  trap.    The  grey  gritty 


^^ 


Fossil  Oroup  No.  4. 

Bala  and  Caradoc  Fossils. 

a.  Orthis  flabellulum.  d.  Modiolopeis  expansa. 

h.  Orthis  elegantnla.  e.  Holopea  concinna. 

c.  Ctenodonta  semitrancata.  /.  Litoites  Hibemicus. 

slates  become  more  purely  black  slate  as  we  approach  the  town  of  Caawaj, 
though  thick  beds  of  brownish  sandstone  occur  in  them.  Some  of  these  sandst(»eB 
are  calcareous,  and  probably  are  on  the  same  horizon  as  the  Bala  limestone,  and 
they  have  below  them  two  thick  masses  of  felstone  trap,  separated  by  slate,  whick 
contains  a  peculiar  bed  of  purple  conglomerate ;  these  felstones  bdng,  periuipti 
the  old  submarine  flows  from  which  the  ash-beds  of  the  Bala  countiy  derived 
their  origin.  This  peculiar  succession  again  made  it  possible  to  trace  a  series 
of  faults  with  throws  of  two  or  three  thousand  feet  across  the  hills  south  of 
Conway. 

Farther  south  a  great  calcareous  tuff,  forming  the  upper  part  of  Snowdon,  is 
considered  by  Professor  Bamsay  to  be  the  representative  of  the  Bala  limestone ; 
and  enormous  m&sses  of  igneous  rocks  spread  below  it  with  such  complicatioii  as 
to  have  required  years  of  labour  on  the  part  of  my  colleagues,  Ramsay,  Selv^n^ 
and  Aveline,  to  disentangle  and  lay  them  down  on  the  published  maps  and 
sections  of  the  Geol(^cal  Survey.  For  not  only  were  these  great  masses  of 
igneous  rocks  of  almost  all  varieties,  and  both  of  contemporaneous  and  tntmiive 
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cbaracUr,  bat  slmikr  igneous  mugu  ocaur  on  different  geolof^cal  loriEons.  The 
trap*  of  Snovdonia,  for  instuice,  which  lie  In  the  Bala  beds,  die  awa7  towards 
tbe  aonth-eaat  into  one  or  two  thin  tafb,  and  gradually  diaappear  dtogether, 
while  a  similar  seriea  commencea  in  that  direction  in  the  Llandeilo  and  Llngula 
flagn,  forming  the  hills  known  as  the  Areniga,  Aran  Mowddwy,  and  Cader  Idiia. 
A  corresponding  change  takes  place  simoltaneouslj  in  the  aqaeoua  rocks,  the 
Bala  beds  of  CaemarTonshire  more  nearly  resembling  some  of  the  Llandeilo  beds 
of  Merioneth  than  they  do  those  of  the  proper  Bala  country.  This  changing 
aeries  is,  moreover,  thrown  into  many  abrupt  ourratures  over  parallel  antielind 
and  synclinal  axes,  the  radii  of  the  curves  being  often  same  miles  in  length,  while 
nnmerana  and  Te:y  laTje*  dislocaHons  traverae  the  rocks  in  flliaoet  every  direc- 
tion, leaving  them,  in  some  parts,  like  a  heap  of  disjointed  mins.  The  ruins,  loo, 
have  been  worn  and  gullied  by  denuding  agendas,  and  are  only  to  be  examined 
here  and  there  where  they  are  nncovMed  by  soil  oi  vt^table  growth.    The 


Bala  and  Candoo  Foaslla. 
a.  Echinoaphsiltes  aniantiiun.  d.  IJcbas  Hlbemlcns. 

i.  gphanmltft  Lltchl.  t.  Fliacopa  aplenlaliu. 

e.  Ultenns  DavlslL  /  Agnoitiis  trlnodua. 

difficulty  ot  the  task  of  determining  the  former  order  and  airangement  of  their 
seven)  parts  can  Only  be  appreciated  by  those  who  go  over  the  groond  with  the 
geological  maps  and  sections  in  ,their  hands,  and  verify  our  interpretatjon  of  its 
stroeture. 

If  from  tbe  typical  Bait,  coonty  we  proceed  eastwards  towards  Bhropahire, 
the  Bala  beds  assume  another  phase.  They  loee  most  of  their  igneous  rocks,  and 
iDQch  of  their  slaty  character,  and  pass  into  a  formation  of  brown  sandstone^  with 
occasional  calcareooa  bands,  in  which  tono  they  were  first  deacribed  by  Sir  R.  i. 

•  One  migniflceut  dtsloeatlon  ran*  for  nearly  ■iity4lT  mlKi  from  tbe  lowland  of 
ClHibiie,  through  (be  Hnndred  of  Yale  In  Denblgheblre,  down  UrnDgh  Bala  Lake,  on  the 
wastilile  or  Arran  and  east  or  Cader  Idiia,  throng  Tsl-y-Uyn  to  the  sea  coast  near  lowyn. 
It  dlalocatci  the  CirbonLfemas  as  well  si  the  Lower  Bllorisn  rocks,  and  has  an  sppannt 
dowDttarow  to  the  north-w«t  ot  3000  or  4000  feet.  It  might  bs  wall  called  the  Yale  and 
Bal*  fault. 
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Murchison  under  the  name  of  the  Caradoc  Sandstone.  Thia  name  is  derired  from 
the  hill  called  Caer  Caradoc,  near  Church  Stretton,  the  ancient  caer  or  camp  on 
which  is  named  after  the  old  Britidi  Eling,  Garadoc^*  whom  the  Rnmaiw  called 
GaraotaGU8.t 

Characteristic  Fossils, — In  the  identificatioii  of  a  fonnation  thus 
varying  in  lithological  type,  it  is  obvious  that  great  assLstance  most  he 
derived  from  its  everywhere  containing  certain  characteristic  fossils,  of 
which  the  following  is  a  Hst  of  the  most  remarkable  and  abundant 
species: — 


Polyzoa    .    . 
EcMnodennata 


Annelida  .     . 
Crustacea  .     . 


Brachiopoda 


Mydrozoa .     .     Dtdymograx)su8  caduceus 

Diplograpsus  bullatus     . 
Graptolithus  Oonybeari  . 
PtUodictya  acuta    . 
f  Dictyonema  (FenesteUa)  capillaris 
Agelacrinus  Buchianus   . 
Echinoephserites  aurantinm     » 

Balticus 

Palseaster  asperrimus 

obtusus . 

Spheronites  Litchi . 
Crossopodia^Scotica 
Trachyderma  Isere  • 
Acidaspis  Jamesii  . 
.£glina  mirabilis    . 
A^ostua  trinodua  . 
Asaphus  Powiaii  {and  Uandeilo) 
Beyrichia  complicata      Do, 
Calymene  brevicapitata  Do, 
Cheirurus  clavifrons 
Harpes  Flanagani  . 
Ulasnus  Bowmanni  Do. 

nisenuB  Davisii 
Lichas  Hibemicus  . 
Phacops  apiculatua         Do. 
Bemopleurides  dorso-spinifer 
Staurocephalus  globicepe 
Trinucleus  seticomis 
Discina  (Orbicula)  punctata 
Orthis  elegantula   . 

flabellulnm  . 

insularis  (galeas)  . 

vespertilio    . 

Strophomena  complanata 
Ctenodonta  semitruncata 
Modiolopsis  expansa 
Orthonota  nasuta   . 


Conchifera 


Q.  J.  GeoL  Soc,  ix.  p.  87. 

Q.  J.  Geol  Soc,  vii.  p.  174. 

Q.  J.  GeoL  Soc,  viiL  p.  390. 

SU.  foes.  27. 

PortL  GeoL  Report,  p.  32S. 

SiL  foss.  88,  fig.  6. 

Foss.  gr.  5,  a. 

SiL  foes.  88,  fig.  1. 

SiL  foss.  84,  fig.  2. 

SU.  foss.  84,  fig.  1. 

Foss.  gr.  5,  6. 

SiL  foss.  42,  fig.  4. 

M'Coy.  PaL  foss.,  p.  183. 

Dec  7,  t.  b. 

SiL  foes.  29,  Fig.  3. 

Foss.  gr.  6,/. 

SiL  foss.  46,  Fig.  1. 

SU.  foss.  11,  Fig.  10  a. 

SU.  foss.  11,  Fig.  9. 

SU.  foss.  48,  Fig  1. 

SU.  foss.  48,  Fig.  4. 

Dec  G.  a.  No.  2. 

Foss.  gr.  5,  c 

Foss.  gr.  5,  d, 

Foss.  gr.  5,  e, 

SU.  foss.  48,  Fig.  5. 

Port  GeoL  Rep.,  p.  257. 

SU.  foss.  14,  Fig.  2. 

SU.  foss.  85,  fig.  L 

Foss.  gr.  4,  (. 

Fobs.  gr.  4,  a. 

M*Coy,  SU.  foss.  pL  8,  fig.  12. 

SU.  foss.  18,  fig.  7. 

SU.  syst,  p.  686. 

Foss.  gr.  4,  c 

Foss.  gr.  4,  d, 

SU.  foss.  18,  fig.  12. 


*  In  the  pronunoiation  of  Welsh  wonU  the  accent  is  always  to  be  thrown  on  the 
penultiinate  syU&ble,  so  that  although  in  Shropahiie  the  name  la  pronounced  CAntdoe,  ia 
Wales  it  would  be  caUed  CahUioc. 

t  The  student  should  consult  on  this  formation  the  memoir  by  TioftseoT  Bamsaj  on 
North  Wales,  Mem.  GeoL  Swrvey,  voL  ill 
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OiMsterqpoda 


JSTeteropoda 
Cephalopoda 


Cyclonema  mpestris 
Holopsa  conciima  . 
Baphistoma  equale 
BeUerophon  nodosus 
Lituites  Hibemicus 
Orthoceras  vagans . 
Poterioceras  approximatum 


SO.  foss.  40,  fig.  4. 
Fo88.  gr.  4,  fig.  e. 
SiL  foss.  40,  fig.  2. 
SU.  foss.  13,  fig.  11. 
Foss.  gr.  4,  /. 
Sil.  foss.  42,  fig.  1. 
M*Coy,  SiL  foss.,  p.  10. 


6.  "Lower  Iilandorersr  Books. — ^In  tracing  the  top  of  the  Bala  beds 
from  North  Wales  into  South  Wales,  certain  beds  of  sandstone  come  in. 
In  the  neighbourhood  of  the  little  town  of  Llandovery,  in  Caermarthen- 
shire,  a  bed  of  conglomerate  occurs  which  may  be  taken  as  the  base  of 
a  series  of  sandstones  and  shales,  varying  from  200  to  900  feet  in 
thickness,  which  appear  to  belong  physically  to  the  Bala  beds  ;  and  to 
be  a  mere  local  subdivision  of  that  series.  There  is,  however,  rather  a 
peculiar  assemblage  of  fossils  in  them,  11  species  being  confined  to  the 
groap,  93  ranging  into  it  from  the  Bala  beds  below,  and  83  passing 
from  it  into  the  Upper  Llandoveiy  group.  Some  of  the  fossils  peculiar 
to  the  group,  and  therefore  characteristic  of  it,  are — 

SiL  foss.  27. 

Sil.  foss.  pi.  9. 

Foss.  gr.  6,  b, 

SiL  foes.  pL  10,  fig.  12. 

M*Coy,  PaL  foss.  304. 

Bala  beds  below  into  the  Lower 

_# 


Nidulites  favus 
Heristella  crassa     . 

angnstifrons 

MuTclusonia  angulata 
Holopella  tennicincta 


Some  of  those  which  range  from  the 
Llandovery  rocks,  are  the  following  :— 

Petraia  snbdupHcata 
Orthis  Actonise 
Orthis  caligramma . 
Murcliisonia  simplex 
Homalonotus  bisulcatus 
Illseniis  Bownuumi 
Lichas  lazatus 


Sa  foes.  14. 

SiL  foss.  82. 

Sil.  foss.  9. 

M*Ck)y,  PaL  foss.  294. 

SiL  foss.  9. 

Dec  G.  S.  2. 

SiL  foss.  44. 


The  group  is  connected  with  the  rocks  above  by  the  occurrence  of 
Pentameri,  especially  Stricklandinia  (Pentamerus)  lens  (Foss.  gr.  No.  6, 
Fig.  d)y  in  great  abundance  (whence  the  two  groups  of  Llandovery  rocks 
are  sometimes  called  the  Pentamerus  beds),  and  by  the  following 
fossils : — 


Petraia  bina 

Atrypa  hemispherica  and  maiginalis 
Lepteena  scissa  and  transversalis 
Phacops  Stokesii    .         .        .         . 
Pterinea  retrofiexa. 


Sil.  foss.  52. 
Sil.  foss.  pi.  9. 
SU.  foss.  pi.  9. 
SiL  foss.  pL  10,  fig.  6. 
Sil.  foss.  pL  9,  fig.  26. 


besides  several  that  range  from  the  Lower  into  the  Upper  Silurian 
groups. 

*  Consult  Morchison's  SUuria,  chaps.  !▼.  and  ix. ;  Ramsay,  op.  cit.  pp.  280-3 ;  Hor. 
Sect  GeoL  Snivej,  Sheet  4;  and  QvarL  Jown,  GeoL  Sac.,  voL  xix.  (Fresidenfa  Address). 
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It  is  probable  that  this  group  of  rocks  has  in  reality  a  mncb  wida 
extension  than  has  yet  been  assigned  to  it,  and  that  it  occupies  more  or 
less  of  the  large  tract  of  Lower  Silurian  ground  which  spreads  in 
numerous  undulations  through  Cardiganshire  and  the  adjacent  counties. 
The  Plynlymmon  group  of  Professor  Sedgwick,  in  part  at  least,  belongs 
to  it,  as  appears  from  the  list  of  fossils  got  at  the  Devils  Bridge,  and 
determined  by  Mr.  Salter,  in  which  Airypa  crassa  occurs.*  Professor 
Sedgwick*s  Aberystwith  group  may  possibly,  perhaps,  belong  to  tiie 
Bala  beds  below ;  but  the  whole  country  is  so  violently  contorted,  and 
thrown  into  such  numerous  and  rapid  undulations,  that  it  is  almost 
impossible  to  observe  directly  the  order  of  superposition  of  the  rocks, 
as  appears  from  the  fact  of  Professor  Sedgwick's  placing  his  groups 
below  the  Llandeilo  flags  instead  of  above  them,  which  from  Professor 
Ramsay's  section  t  is  obviously  their  true  position. 

CuMBBRLAND  AND  WESTMORELAND. — In  these  couuties  the  lower 
Llandeilo  flags  are  represented  by  a  thick  group  of  slates,  known  as  the 
Skiddaw  slates,  containing  graptolites,  tnlobites,  and  brachiopods  oi 
Llandeilo  types,  but  the  lingula  flags  are  nowhere  reached.  Above 
the  Skiddaw  group  comes  a  great  succession  of  green  slates  and  por- 
phyries-—derived  from  the  ejections  of  Lower  Silurian  volcanoes*  In 
these  beds  fossils  are  very  rare,  but  overlying  them  comes  the  Coniston 
limestone,  which,  from  its  fossils,  is  identified  with  the  Bala  limestone. 
These  rocks  pass  under  other  beds  which  represent  the  upper  division 
of  the  Silurian  system.]! 

Scotland. — ^The  southern  uplands  of  Scotland  consist  almost  whoUj 
of  Lower  Silurian  rocks,  forming  a  long  continuous  strip  of  high  ground 
from  St  Abb's  Head  to  Portpatrick.  The  greater  part  of  this  area 
appears  to  belong  to  rocks  of  Llandeilo  age ;  here  and  there,  particulailj 
in  Ayrshire  and  at  the  Leadhills,  portions  of  a  Caradoc  or  Bala  series 
appear,  while  in  the  former  area  these  are  overlaid  with  Lower  Llan- 
dovery rocks.  In  the  Llandeilo  series  graptolites  are  the  chief  fossils, 
being  particularly  abimdant  in  certain  dark  anthracite  shales  whidi 
occur  in  different  horizons,  as  at  Moffat  and  Leadhills.  The  Caradoc 
limestones  of  Ayrshire  have  yielded  a  large  assemblage  of  corals, 
brachiopods,  trilobites,  etc.§ 

The  Scottish  Highlands,  as  shown  by  the  labours  of  Sir  Roderick 
Murchison,  consist  almost  wholly  of  metamorphosed  Silurian  rocks. 
From  underneath  the  thick  formations  of  gneiss  and  schist  forming  the 
great  mass  of  these  districts,  there  rise  in  the  west  of  Sutherland  and 

♦  See  Quart.  Joum.  Gtcl.  Soc,  yoL  liL  p.  152. 
t  HorU  Sect  QeoL  Snrvey,  Sheet  4. 

t  SUuria^  p.  146,  and  papers  by  Professor  Harkness  [Qvari.  Joum,  GeoL  Soc,  toIs.  J^ 
xL  and  xxiv.),  and  by  him  and  Dr.  Nicholson,  op,  cU,  vol  xxii.  pp.  480-8. 

f  See  Marchison's  SUuria,  pp.  148-58,  and  references  there  cited ;  Oeflde,  "On  tte 
Saccession  of  the  Silurian  Roclcs  of  ScoUand,**  Trans.  GtoL  Soc  Glasgow,  vol.  iiL 
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Ross  quartz-rocks  and  limestones  in  which  orthoceratites  and  other 
rec(^;niBable  Lower  Silurian  fossils  occur.  The  subsequent  conjoint 
researches  of  Sir  Roderick  and  Mr.  Geikie  have  made  it  dear  that  the 
lower  or  quartz-rock  series,  with  associated  limestones,  is  brought  up 
again  and  again  by  vast  folds  of  the  strata  spreading  oyer  the  Highlands, 
up  to  their  southern  border.  * 

Ireland. — The  Lingula  flags  are  not  yet  known  in  Ireland.  Their 
discovery  would  be  of  interest,  as  throwing  light  on  the  question 
-whether  they  would  be  conformable  to  the  Cambrian  or  to  the  Lower 
Silurian  rocks,  or  would,  as  in  Wales,  introduce  conformity  throughout 
the  series.  The  Lower  Silurian  rocks  of  Wicklow,  Wexford,  and 
Waterford,  are  of  the  Bala  and  Caradoc  age,  as  shown  by  their  fossils, 
and  have  unfossHiferous  beds  below  them,  which  may  or  may  not  belong 
to  the  Llandeilo  group.  They  rest  imconformably  on  the  Cambrian  rocks 
below,  and  consist  of  dark-blue  or  black,  and  grey  flags,  slates,  and 
grits,  sometimes,  as  in  Wales,  becoming  purple,  green,  olive,  etc.  They 
contain  many  beds  of  contemporaneous  volcanic  rocks  (felstone,  tuff, 
etc)  like  those  of  Wales,  and  one  or  two  calcareous  bands  (veiy  like  the 
Bahi  limestone)  near  Courtown,  and  at  Tramore.  Their  thickness  must 
be  many  thousand  feet,  but  there  are  no  good  continuous  sections  suffi- 
cient to  determine  it  exactly.  The  fossils  are  found  only  in  the  upper 
part  of  the  series,  in  the  neighbourhood  of  the  igneous  rocks  t  and  cal- 
careous bands,  and  the  exact  relations  of  the  lower  beds  are  accordingly 
unknown.  The  island  of  Lambay,  and  the  promontory  of  Portraine 
in  County  Dublin,  also  expose  slates  and  calcareous  bands  belonging  to 
this  period,  and  full  of  characteristic  Bala  fossils,  as  do  also  the  hills  of 
the  Chair  of  KUdare.]: 

Another  great  tract  of  apparently  similar  beds  stretches  from  the 
centre  of  Ireland  (Cavan,  etc.),  to  the  coast  of  Down.  Among  these, 
however,  a  portion  certainly  belongs  to  the  Llandeilo  flags,  as  near 
Bellewstown,  on  the  confines  of  Dublin  and  Meath,  an  assemblage  of 
the  following  fossils  characteristic  of  that  group  was  collected  years  ago 
by  the  late  J.  Flanagan,  and  determined  by  Mr.  W.  H.  Baily,  viz. — 
DidyTnograpsus  Murchuanii,  Diplograpms  prUtiSy  Graptolithus  NiUoniy 
O,  BogittariuSy  Siphonotreta  micula,  Lingula  resemblii^  L.  ovata.§  At 
a  place  called  Kilnaleck,  in  the  County  Cavan,  a  band  of  anthracite 
occurs  in  these  rocks,  and  may  be  traced  also  in  County  Down,  as  if 

*  See  the  authoritieB  cited  in  the  footnote,  ante,  p.  524. 

t  The  eruption  of  igneons  rooks  at  the  bottom  of  the  sea,  though  doubtless  occasionally 
deotmctire  of  animal  life  at  the  moment,  seems  generally  faronrable  to  its  development 
dnitng  the  period.  Contemporaneous  trap-rocks  have  often  highly  fossiliferous  beds  inti- 
mately associated  with  them. 

X  Bee  Es^lanation  of  Sheets  103, 112,  and  119  of  the  Maps  of  the  Geological  Survey  of 
Ireland. 

S  See  Baily,  /(mm.  GtoL  Soe.  DtMin,  ix.  p.  800. 
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strikiiig  from  the  similar  onthiacttic  bands  of  the  south  of  Scotland. 
It  is  associated  with  black  slates  containing  an  assemblage  of  grtLpto- 
lites,  resembling  those  of  the  Scotiish  beds.  On  Slieve  Bemagh,  in 
the  Coimty  Clare,  north-west  of  Eillaloe,  first  examined  by  Mr.  G.  H. 
Kinahan,  graptolite  shales  are  again  found,  containing  several  Ilandeilo 
species.  Beds  believed  to  be  of  the  same  age  form  the  heart  of  the 
Galty  mountains.  In  the  Cratloe  hills,  north  of  Limerick,  rocks  occur 
which  probably  belong  to  the  Lower  Llandovery  group,  while  at  one 
place  there,  fossils  of  Upper  Llandovery  age  have  been  obtained.  Tlie 
rocks  of  the  hill  called  Knockshigowna  also,  to  the  west  of  Roecrea,  are 
probably  of  Llandovery  age.  In  the  north  of  Ireland  the  Lower  Sila- 
rian  rocks  of  Pomeroy,  Tyrone,  and  other  places,  yielded  a  rich  harvest 
of  fossils  to  the  labours  of  the  geological  branch  of  the  Ordnance  Survey 
under  the  late  Ckneral  Portlock.* 

On  the  flanks  of  the  Dublin  and  Wicklow  granites,  the  Lower 
Silurian  slates  and  grits  are  greatly  metamorphosed  into  mica  and  other 
schists,  and  occasionally  into  gneiss,  and  are  often  full  of  crystals  of 
andalusite,  staurolite,  schorl,  felspar,  and  other  minerals.  Other  meCa- 
morphic  tracts  in  the  north-west  of  Ireland  may  be  also  composed  of 
metamorphosed  Lower  Silurian  rocks.t 

VoreigD.  Iiooalitles. 

Bohemia, — By  the  long  and  laborious  researches  of  M.  Barrende  the  general 
palieontological  succession  among  the  Silurian  rocks  of  Bohemia  has  been  well 
made  out.  That  observer  divides  the  strata  of  the  Silurian  basin  of  that  country 
into  stages  (Stages),  each  characterised  by  a  distinctive  fauna,  and  marked  by 
him  with  a  distinguishing  letter.  His  Stage  C,  or  primordial  zone,  corresponds 
to  our  Lingula  flags.  It  consists  of  argillaceous  schists,  and  contains  what 
Barrande  (^s  his  Primordial  fauna.  Its  trilobites  belong  to  the  genera 
Agnostus,  ArionelluSf  ConocephcUuSy  EUipsocepkaluSy  HydrocepKahay  Parar- 
doxidesy  and  Sao — genera  which,  except  AgnostuBy  are  entirely  confined  to  that 
zone.  Stage  D  corresponds  to  our  Bala  or  Caradoc  group,  so  that  the  Llandeilo 
group  seems  to  be  either  unrepresented  in  Bohemia  or  to  be  divided  between 
Stages  C  and  D.  The  latter  stage  consists  of  quartzites,  etc.,  and  includes  the 
second  fauna  of  Barrande,  which  contains  81  species  of  trilobites  belonging  to  the 
genera  Addaspisy  jEgUna,  Ampyx,  AsaphuSy  CheiruruSy  lUoenuSy  Ogyifia^  Trims^ 
cleusy  and  22  others. 

Scandinavia. — In  the  northern  parts  of  Norway  the  order  of  succession  among 
the  older  palaeozoic  rocks  appears  closely  to  resemble  that  of  Scotland.  An  older 
or  bottom  gneiss,  probably  Laurentian,  is  unoonformably  overlaid  by  red  sand- 
stones (Cambrian)  over  which  comes  an  upper  metamorphic  series  with  rare  fossils, 
and  believed  to  be  of  Lower  Silurian  age.  In  Southern  Norway  and  in  Sweden 
the  Silurian  rocks  are  comparatively  undisturbed  and  unaltered.  They  are  there 
never  much  more  than  1200  feet  thick,  and  are  yet  said  to  contain  rq>resentativet 
of  each  of  the  groups  which  make  up  the  80,000  feet  of  British  Silurian  strata.^ 

*  See  his  Btp&rt  on  the  Geology  a/ Londonderry,  etc 

t  See  Harkneas,  QvaH.  Journ.  OeoL  Soc  zvii  S56 ;  and  zziL  ftOft. 

t  HnrchiBon,  SUuria,  p.  854. 
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In  Sweden  M.  Angelin  has  examined  the  rich  fauna  of  these  rocks,  and  divides 
the  SUurian  system  there  into  regions,  according  to  the  characteristic  fossils.  His 
Region  A  {Olenorum)  and  Region  B  {Conocorj^c)karum)f  consisting  of  aluminous 
schists  and  limestone,  are  approximately  equal  to  Stage  C  of  Barrande,  and  there- 
fore to  our  Tiingnia  flags.  The  Scandinavian  strata  contain  71  species  of  trilo- 
bites  of  the  same  peculiar  genera  as  the  Bohemian  beds,  but  without  one  identical 
species.  Angelin  s  Regions  B  C  {Ceralopygarum)  consisting  of  aluminous  schist 
and  black  limestone ;  C  (Asaphorum)  formed  of  grey  and  reddish  impure  lime- 
stones ;  and  D  {Trinueleorum),  consisting  of  marly  schists  with  calcareous  concre- 
tions, are  together  approximately  equal  to  Stage  D  of  Barrande.  There  are  81 
species  of  tillobites  in  the  Bohemian  beds  D,  and  176  in  those  of  Scandinavia, 
B  C,  C,  and  D.  The  genera  are  the  same  in  both  countries,  and  the  8X)ecies  nearly 
allied ;  but  there  is  stid  to  be  not  one  species  common  to  the  two  districts.  *  It 
la  yet  doubtfid  whether  these  specific  differences,  existing  together  with  generic 
identities,  be  due  to  a  want  of  exact  synchronism  in  the  age  of  the  beds,  or  to  the 
geographical  distribution  and  limitation  of  the  life  of  ^e  period ;  whether,  in 
fact^  they  are  the  result  of  time  or  sx>ace. 

North  America, — A  copious  development  of  the  Lower  Silurian  system  has 
been  found  to  spread  over  wide  tracts  of  the  United  States  and  Canada.  The 
subjoined  table  shows  the  subdivisions  there  established,  with  some  of  their 
characteristic  fossils. 


Tabls  of  the  Lower  Silubian  Ststbm  of  New  Tore  and  Canada,  f 


Medina  Sandstone 


Lower 

Llandovery  -{  Oneida  Conglomerate 
Bocks. 


JAngula  Cuneata,  AtrypapUcatOf  A.  retir 
cuUmSf  PerUcmerua  Barrandi,  Moduh 
lopsU  prqprigenia,  Calytnene^Blumen' 
bachii. 

Carols;  Leptoena  sericea,  L,  transver- 
salts,  Stropfiomena  aUermUa,  8,  de- 
pressa;  PerUamems  reversus,  BelUr 
rophon  bilobalus,  Calymene  Blumeti' 
hachii. 


(  Hudson  River  Beds  . 


Caradoc 
Beds 


Utica  slate 


Fossils  in  great  part  the  same  as  in  Tren- 
ton Limestone.  TentaculUes;  Or  this 
testudinaria  ;  Strophomcna  altemata  ; 
Leptama  sericea;  BeUerophon  bUoba- 
ius;  Ambonychia  radiaia;  Modiohpsis 
modioktris;  Trinucleus  coTicentricus, 
etc. 

Oraptolites,  Ltngida,   Orbicula,  Orthis ; 

trilobites  chiefly  the  same  as  in  group 

above. 

Trenton  and  Bird's-eye    Crinoids  abundant';  cystideans ;  starfish ; 

Limestones  ChotteUs;  Lingttla;  LeptwnajStrophO' 

mena;  Atrypa  (many  species);  Avir 
cula;  Pleurotomaria  ;  Solopan;  Mwr- 
chisonia;  BeUerophon;  Asaphus;  Iso- 
teles  ;  lUcenus  ;  Phaeops  ;  Calymene  ; 
Aciduspis;  Trinucleus;  many  Cqaha- 
hpoda. 


*  Barrande's  ParaUHe  entre  Us  dep6ti  SUurien*  d4  BoMme  et  Soandinavie. 

t  From  SiXwria,  p.  440. 
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Table  of  the  Loweb  Silurian  Stbtem  of  New  Toek  ahd  Cakaba — eotUmued. 


Llandeilo 
Beds. 


Tremadoc. 
Slates. 


Lingola 
Flags. 

Cambrian 


'Chazy,    SiUery,  J 

LaDzon,  and  f  Quebec 
Ldvis  Lime-  i  Group, 
stones  ) 

Upper  Calciferous  ,Sand- 
rock 

!  Lower  Calciferous  Sand- 
rock 
Upper    Potsdam  Sand- 
stone 

Lower    Potsdam   Sand- 
stone 
St.  John's  Group 

Huronian 


Fossils  as  a  whole  much  the  same  as  in 
Trenton  limestone. 


Murchisonia  and  Pleurotomtaria  (sevezil 
species). 

Polyzoa  and  Corals  ;  Encrinites ;  Lep- 
tcena,  OrthiSy  A  trypa;Maciurta  magna,; 
Haphistoma,  Jliurchisoma ;  lUeenMSj 
Isoldes, 

OphiUta  eompactOf  Madurea,  Tttrba^  Or- 
ihoceras^  Lingula  prima  andXw  cnikqua, 
ScoUthus  ;  Cruziana  and  Sea-weeds. 

No  fossils  yet  found  in  America. 


Upper  Silurlaji. 

If  we  return  to  the  neighbourhood  of  Llandovery,  in  South  Wales, 
we  shall  find  that  over  the  sandstones  already  described  as  the  Lower 
Lhaidovery  beds,  certain  other  sandstones  come  in,  not  very  different 
from  them  in  lithological  character,  and  having  some  fossils  in  common 
with  them.  They  vary  there  from  300  to  700  feet  thick.  They  are 
separated  from  the  Lower  Llandovery,  because  they  rest  imconformablj 
upon  them  and  overlap  them,  so  that  when  traced  towards  the  noidi 
they  rest  directly  on  the  Bala  beds.*  They  are  called  the  Upper 
Lhuidoveiy  rocks,  and  they  form  the  true  base  of  the  Upper  Silurian 
series.  That  they  are  physically  distinct  firom  the  Lower  Llandovery  is 
shown  not  only  by  the  local  imconformity  near  Llandovery,  where  they 
are  both  present,  but  also  by  the  fact  that  wherever  the  Lower  Llan- 
dovery rocks  are  to  be  seen  they  adhere  to  and  form  the  top  of  the 
Lower  Silurian  series,  while,  wherever  the  Upper  Llandovery  are  seen, 
they  lie  conformably  beneatii  the  rest  of  the  Upper  Silurian  series,  but 
are  distinctly  and  often  widely  unconformable  to  the  Lower  Silorian. 
It  is  indeed  a  remarkable  fact  that  wherever  the  Up{>er  Silurian  and 
Lower  Silurian  rocks  are  found  together  in  an3rthing  but  a  horizontal 
position,  there  is  an  imconformable  break  between  them.  This  is 
often  a  clear  discordance  in  the  lie  of  the  rocks,  so  that  they  obviously 
dip  in  dijfferent  directions  or  at  different  angles.  But  even  where  there 
is  no  apparent  unconformability,  and  they  dip  and  strike  apparently 
together,  the  unconformity  may  eventually  be  discovered  by  different 
parts  of  the  two  series  being  in  apposition  in  different  places. 

It  has  sometimes  been  proposed  to  join  the  Lower  and  Upper  Llan- 
dovery rocks  as  a  separate  or  Middle  Zone  of  the  Silurian  system.  The 
fossils  of  these  two  groups  have  a  common  general /aae«  sufficient  to 

*  See  Geological  Survey  Maps,  Sheets  41  and  42 ;  and  Horizontal  Sections,  Sheet  4L 
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mark  them  off  from  the  other  Silurian  formations,  but  hardly  such  as 
to  warrant  the  erection  of  a  middle  division  of  the  system.  They  are 
undoubtedly  beds  of  passage  between  Lower  and  Upper  Silurian  strata. 
The  physical  break  or  unconformability  between  the  Lower  and  Upper 
Llandovery  rocks  of  Wales  has  served  as  a  convenient,  though  some- 
what arbitrary  line  of  division  between  Lower  and  Upper  Silurian. 
Bat  though  this  physical  discontinuity  is  accompanied  also  by  a  change 
in  the  fossils,  the  two  great  sections  of  the  Silurian  system  are  con- 
nected with  each  other  organically  by  the  species  which  pass  from,  the 
Caradoc  into  the  Upper  Llandovery  beds. 

'  %  The  typical  subdivisions  of  the  Upper  Silurian  series  of  Wales  and 
the  adjacent  parts  of  England  are  the  following : — 


Ludlow  group 


Wenlock  group .    . 

LlandoYery  or  May 
Hill  group     .    . 


9.  Tilestone      . 

8.  Upper  Ludlow  rock 

7.  Aymestry  limestone 

6.  Lower  Ludlow  rock 

5.  Wenlock  limestone 

4.  Wenlock  shale 

3.  Woolhope  limestone 

2.  Tarannon  shale     . 

1.  Upi>er  Llandovery  rocks 


Feet 

1000 

900 

150 

900 

150 

1400 

50 

600 

900 


A  section  taken  across  Wenlock  Edge  (Fig.  163)  or  in  the  Wool- 
hope  Valley,  Herefordshire,  shows  the  way  in  whi^h  these  groups  of 


N.m 


MMOH 
BMOIC 


VtNLOCK 
CMC 


cMuom 

HILL 


B.Z 


otmre 

IMLC 


Pig.  153. 
Section  aeroes  Wenlock  Edge,  reduced  from  Sheet  84  of  Horisontal  Sections,  Geological 

Survey.    Drawn  by  W.  T.  Aveline. 

Length  of  Section  about  four  miles. 

{.  Bed  Sandstone,  supposed  base  of  Old  Bed  Sandstone. 
\.  Upper  Ludlow — Grey  and  brown  shale  and  sandstone 
Ck>ncretionary  limestone  (Aymestry)  .       .  .       : 
Lower  Ludlew — Grey  and  brown  calcareous  sandy  shale . 
e.  Grey  nodular  concretionaiy  limestone  (Wenlock  and  Dud- 
ley limestone)   :       .       .       .       150 

b        "''"^'^    J  d.  Grey  and  brown  sandy  shale,  often  concretionaiy  (Wen- 

&         rocks.       1         lock  shale) 1400 

c  Limestone  (Woolhope  and  Barr) 50 

^  Uandoreiy    h.  Sandstone  and  Conglomerate  (LUndovery). 
Lower  Silurian  .    a.  Bala  beds  or  Caradoc  Sandstone. 


s 


T  udlow 
rocks. 


Wenlock 
rocks. 


900  feet 
150    ,. 
000    .. 


»» 


»» 


» 


rock  succeeded  each  other  between  the  Lower  Silurian  rocks  on  which 
they  rest,  and  the  Old  Bed  Sandstone  which  overlies  them. 
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Upper  Iilandorery  Group. — In  puts  of  Shropshire  the  oncoa- 
formiCj  between  Lower  and  Upper  Silurian  rocks  la  not  veiT' 
striking,  and  it  so  happeos  that  there  the  Ba]a  and  C&radoc  beds  con- 
sist of  yellow  and  brown  sandstones  of  very  much  the  same  character 
as  the  Llandovery  beds  which  overlie  them,  so  that  they  were  origioallj 
classed  t^^ther  under  the  name  of  the  Caradoc  sandstone.  They  had 
in  like  manner  been  called  Caradoc  on  the  west  flank  of  Malvern,  at 
Woolhope,  and  May  Hill,  and  elsewhere.  Professor  Sedgwick  was  tlie 
first  to  point  out  the  necessity  for  separating  these  beds  boax  the  Lower 


#f# 


a.  Atryp*  b«m1«plierl<».  d.  StrlcUuidisii  le 


c  OitMf  nTHU.  /.  Cbitoa  OUaOilL 

g.  Crrtoceru  »pproiIia»tiuo. 

Silurian,  and  proposed  the  name  of  the  May  TTill  Sandstone  for  them.  * 
Messrs.  Aveline  and  Salter  afterwards  traced  the  unconformity  between 
them  and  the  Caradoc  beds  in  Shropshireft  and  thdr  presence  was  sub- 
seqnently  lecognised  as  the  base  of  the  Upper  Silurian  series  in  maay 
other  localities.  After  several  names,  such  as  Upper  Caradoc,  Penta- 
merus  beds,  Wenlock  grit,  etc.,  had  been  proposed  and  discarded,  they 
now  seem  to  have  been  settled  as  Llandoveiy  rgcks.  To  this,  however, 
the  name  "  May  Hill  Sandstone"  should  be  added  as  a  second  title, 

■  ew4.  •'<wnL  Otal.  Stc,  Ix.  IM.  t  Op.  eO.  z.  tt. 
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since  Professor  Sedgwick,  with  M*Coy,  first  indicated  their  distinctness, 
although  they  did  not  work  it  so  thoroughly  out  as  was  afterwards  done 
by  the  Geological  Survey. 

1.  The  TTpper  IilaadoTery  or  May  Hill  Bandstone  is  nsnally  a  grey, 
or  brown,  or  yellow  sandstone,  sometimes  becoming  a  conglomerate. 
The  sandstones  are  sometimes  calcareous,  passing  into  courses  of  sandy 
limestooe  in  some  places.  Of  about  230  species  of  fossils  found  in  this 
subdivision,  the  following  may  be  said  to  be  characteristic  of  this 
group  : — * 

Adinazoa,    . 
Brachicpoda  . 


CyathophyllQin  angnstom 
Petraia  bina  {arid  Wenlock) 

elongata . 

Atrypa  hemispbserica 

— reticularis 

Lingula  cnimena 

parallda 

Orthis  lata .        . 


reversa 


Pentamenis  globosus 

oblongus 

tmdatus 

Stricklandinia  (Pentameni8)Ien8 
lirata 


SiL  foss. 
SiL  foss. 
SiL  foss. 
Foss.  gr. 
SiL  foss. 
SiL  foss. 
Mem.  G. 
SiL  foss. 
Foss.  gr. 
Sil.  foss. 
Foss.  gr. 
Sil.  foss. 
Sil.  foss. 
SiL  foss. 


pi.  39. 

pL  38. 

pi.  38. 

6,  a, 

pi.  9. 

12. 

5.  ii.  pt  I. 
pL  9. 

6,  c. 
pi.  8. 
6,  e. 
14. 
pi.  8. 
15. 


Comdiifera 


ChuUropoda  . 


Cephalopoda  . 


Meristella  (Rhynchonella) 

gnstifrons 
Rhynchonella  neglecta 
Strophomena  compressa 
Pleurorhynchus  pristis 
Ctenodonta  deltoidea  . 

Eastnori   , 

lingualis   . 

Lyrodesma  coneata 
Pterinea  snbltevis 

boUata 

Chiton  Oriffithii . 
Cydonema  qnadristriata 
Eaomphalus  prsentmtius 
Holopella  plana . 

■ tenuicincta . 

MacrocheiluB  fusiformis 
Morchisonia  angulata . 
Pleurotomaria  flssicarina 
Raphistoma  lenticnlariB 
Trochonema  tricincta  . 
Trochos?  mnltitorqaatus 
Turbo?  tritorquatus   . 
Cyrtoceraa  approzimatom 
Lituites  undosus 
Orthoceras  Barrandii  . 
Tretoceras  bisiphonatum 


an- 


Foss.  gr.  6,  h. 

Sil.  foss.  9. 

SiL  foss.  pi.  9. 

M*Coy,  SiL  foss. 

Mem.  G.  S.  ii.  p.  866. 

SiL  foss.  pi.  10. 

Mem.  G.  S.  ii.  p.. 867. 

Mem.  G.  Si  IL  p.  866. 

M*Coy,  SO,  foss.  p.  28. 

M'Coy,  Sil.  foss.  p.  28. 

Foss.  gr.  6,  /. 

Mem.  G.  S.  iL  p.  888. 

Mem.  G.  S.  iL  p.  857. 

M*Coy,  SiL  foss.  p.  12. 

M*Coy,  PaL  foss.  p.  804. 

Sil.  foss.  pL  10. 

Ibid, 

Mem.  G.  S.  ii.  p.  857. 

SiL  foss.  pL  10. 

M*Coy,  SU.  foss.  p.  14. 

Ibid,  p.  15. 

Ibid,  JK  12. 

Foss.  gr.  6,  g, 

SiL  foss.  pL  11. 

Q.  J.  GeoL  S.  vii.  p.  177. 

SiL  foss.  pL  11. 


*  Catalogue  in  the  last  edition  of  SOiiria. 
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Schinodermata  Palteaster  coronelU 


Ann.  Nat  Hist  s.  2,  xz.  p.  326. 


M.  G.  S.  iL  p.  684. 
M.  G.  a  iii.  p.  223. 
Q.  J.  G.  S.  xiiL  p.  308. 
8U.  foes.  pL  10. 


Pslfechinus!  PhiUipsis 
PleurocysUtes  Rugeri  . 
Cruttaeea  .     .     Addaspis  callipareos  . 

Encrinanis  pnnctatns . 

S.  The  Tarannon  Bhalea. — ^In  the  Llandoveiy  countiy  the  Upper 
Llandovery  or  May  Hill  rocks  are  succeeded  by  a  group  of  pale  grey, 
smooth,  fine-grained  slate  rocks,  to  which  tlie  name  of  *<  Tarannon 
shales'*  has  been  given  by  Professor  Ramsay,  from  the  valley  and  river 
of  that  name,  between  Llanidloes  and  Dinas  Mowddwy,  where  they 
attain  a  thickness  of  600  feet  Tliese  pale  slates  sometimes  change 
into  a  bright  red.  They  may  be  traced  from  South  Wales  into  North 
Wales,  and  followed  through  all  the  imdulations  of  the  rocks  down  to 
Conway,  forming  either  with  or  without  the  Upper  Llandovery  beds  a 
marked  line  of  separation  between  the  Lower  and  Upper  Silurian  dis- 
tricts. This  little  group  ,had  likewise  not  escaped  the  observation  of 
Professor  Sedgwick,  who  describes  them  under  the  name  of  the  Rhayader 
slates,  as  '*  pale,  leaden-grey,  passing  into  greenish-grey,"  with  ''beautiful 
cleavage  planes."  He  at  first  gave  them  their  true  place,  at  the  lower 
part  of  the  Upper  Silurian,  though  afterwards  he  was  led,  by  the  won- 
derfully contorted  condition  of  the  country,  to  class  them  with  the 
Lower  Silurian.*  Although  a  distinct  physical  group  of  some  import- 
ance in  Wales,  the  Tarannon  shales  seem  to  be  confined  to  that  countxy. 
Fossils  are  very  rare  in  them,  and  it  cannot  therefore  be  said  with  cer- 
tainty whether  they  belong  most  decidedly  to  the  Llandovery  group  or 
to  the  Wenlock. 

Wenlook  Ghx>up. — 3.  'Woolhope  or  Barr  Iiimeatone. — A  locally 
occurring  group  of  beds  of  grey,  argillaceous,  nodular,  concretionary 
limestone,  interstratified  with  grey  shales,  occasionally  attaining  a  thick- 
ness of  100  feet  It  forms  a  ring  round  the  dome  of  Llandovery  sand- 
stone in  the  Woolhope  valley,  and  is  well  seen  at  Nash  Scar,  near 
Presteign,  on  the  west  flanks  of  the  Malvern  hills,  at  Great  Barr  in 
Staffordshire,  and  at  May  HilL 

Li  North  Wales  the  Tarannon  shales  or  Rhayader  slates  are  suc- 
ceeded by  a  great  sandstone  formation,  consisting  of  coarse  brown  sand- 
stone, with  occasional  quartzose  conglomerates,  and  interstratified  with 
black  slates,  and  passing  up  into  brown  flags  and  slates,  which  were 
called  Denbighshire  sandstone  and  flag  by  Mr.  Bowman  and  Professor 
Sedgwick,  a  name  adopted  by  the  Geological  Survey.  Over  these  are 
other  beds  of  shale  or  slate,  and  flag  or  sandstone.  The  beds  which 
lie  next  above  the  pale  Tarannon  e^^es  contain  few  fossils,  but  those 
are  of  species  which  show  them  to  belong  to  the  Wenlock  group. 

4.  'Wenlook  Shale. — Generally  dark  grey,  sometimes  black  shale, 
with  occasional  calcareous  concretions ;  1400  feet  thick. 

*  Quart.  Joum.  Geol  Soc  UL  p.  168. 
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S.  The  Wenlook  Iiim»stone  ia  an  irregalarlj  occnrring  set  of  con- 
cretionary timeatones,  eometimes  thin  and  flaggy,  eometimea  massive 
bomes  of  bighlj  crystalline  carbonate  of  lime  ;  sometimea  in  one,  some- 
times  in  two  or  three  sets  of  beds,  with  interatratified  shales,  forming  a 
thickness  of  100  to  300  feet  lliese  beds  are  admirably  shown  in  all 
the  country  between  Aymestry  and  Ludlow,  and  along  Wenlock  Edge 
to  BenChal  Edge  near  Coalbrookdale,  as  well  as  at  the  places  just  men- 


Foull  Orenp  No.  T. 

Wgtilock  f  oHlli. 

(L  AcvmluiA  lurarlaDL  d.  StTophomflOA  depnasL 

b.  OCDphyiiu  tDrbln&tuni.  e.  Strophomena  ftu^ljphs, 

e,  UrytAM  nUcoUdi.  /.  Spirlfv  pUcatelliu. 

f.  SnDmpluhu  diicon. 

tioned  as  showing  Woolhope  Limestone,  and  at  the  Cas^e  Hill  and 
Wrens  Neat  near  Dudley  ;  as  also  near  the  town  of  Walsall  in  Staf- 
fordshire, and  in  the  neighbonrhood  of  Usk  in  Monmouthshire. 

CharacUrUtie  Fottilt. — In  all  these  places  the  beds,  especially  the 
limestones,  abound  in  fossils,  of  which  the  following  list  is  a  selection 
that  includes  the  most  abundant  and  characteristic  species.  Many  of 
the  species,  however,  which  abound  m  the  greatest  profusion  in  the 
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Wenlock  rocks,  are  to  be  found,  thoogh  nrelf,  in  either  earlier  at 
later  formatione,  or  in  both.  Theee,  then,  ore  not  characteriBtic  in  the 
sense  of  being  peculiar  t«  the  Wenlock  rooks,  but  as  being  mora  abun- 
dant in  them  than  elsewhere.     Hera,  too,  as  in  some  other  parts  of  the 


e.± 


FuBiLl  Oiuup  No.  8. 
Wenlook  FdhOi. 
a.  Fnndncriiiltu  qntdiiTuclBtiij.  d.  FhKCops  ewiiUtiiL 

h-  PeriMliocrtrinH  mouHifomilt,  t  Bellflnphon  dlUtAtna. 

0.  Calrmraa  BlommbaohiL  /  OitboMiM  tnnnlituni 

geological  series,  it  is  the  assemblage  of  fosuls  th&t  becomes  character- 
istic ;  any  one  or  two  of  these  spedes  may  be  found  in  some  otha 

groups,  but  in  no  other  are  thej  all  assembled  together  in  tbe  abun- 
dance in  which  the^  occur  in  the  Wenlock  rocks. 

^morpAoaxi    1  9btanBtopar*atruitellB(.BEi2'i  aiu^ZZon- )  q.,  .„     .n 

(towj) j  SO.  row.  6i 

Actamtoa   .    AcOTiularis  luiuriana        .         .         .         Foss.  gr.  7,  a. 

Alveolites  repent  uid  Labecbei  .         .        SiL  foas.  IS. 

FsTosites  Uutlandlcus  {Baia  to  Ladlovi)      SiL  fms.  17. 

flbroioB  (Llandoveiy  to  LwUow)  30.  foes.  81. 

H«liolit«ii  Orayi, 
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AcHnoKoa   .     Omphyma  tarbinatam  {Bala  to  WerUock)   Fobs.  gr.  7,  b. 

Petraia  bina  {and  Llandovery)  .         .         SiL  foss.  68»  pL  38. 
Syringopora    bifurcate    (Llandovery    to  )  gjj^  ^^^^  go. 

Stenopora  fibrosa  (IMndeUo  to  Ludlow)  Sil.  foss.  17. 

Hydroxoa  .     Graptolithus  Flemingii      .        .  Q.GeoI.  Jour.viiLp.  890. 
Polyxoa      .     Cellepora  favosa. 

Ceriopora  affinis. 

Discopora  antiqua    ....  SU.  foss.  pi.  41. 

Fenestella  Lonsdalei ....  Ihid, 

Ptilodictya  scalpellum  {and  Llandovery)  SiL  foss.  51. 

Brachiopoda   Atrypa  reticularis  {Llandovery  to  Ludlciw)  Foss.  gr.  7,  e. 

Orbiculoidea  Forbesii        .        .         .  Davidson,  SiL  Brach. 

Obolos  transversus. 

Orthis  elegantula  {Llandeilo  to  Ludlow)  SiL  foss.  pL  5,  9,  20. 

rustica. 

Pentemems  galeatus  {and  Ludlow)    .  Sil.  foss.  pL  21. 

Retzia  Baylei Sil.  foss.  57. 

Rhynchonella  navicola  (and  Ludlow) .  SiL  foss.  pL  22. 

Wilsoni  (Llandovery  to  Ludlow)  Ibid, 

Siphonotrete  Anglica        .        .        .  Sil.  foss.  58. 

Spirifer  plicatellus  (Llandovery  to  Ludlow)  Foss.  gr.  7,  /. 

Strophomena  depressa  (Bala  to  Ludlow)  Foss.  gr.  7,  d, 

eug\yph&(Llandovery  to  Ludlow)  Foss.  gr.  7,  e, 

Conehifera .     Caniiola  fibrosa  {and  Ludlow)   .         .  Sil.  foss.  pi.  23. 

Plenrorhyndins  equicostetus      .         .  SiL  foss.  60. 

Modiolopsis  antiqna ....  SiL  foss.  pL  23. 

Mytilns  ChemuDgensis      .         .         .  Mem.  0.  S.  ii.  p.  365. 

VterineA  retiofiexA  (Llafidovery  to  Ludlow)  Foss.  gr.  9,  e. 

Oasteropoda    Acroculia  haliotis  (and  Llandovery)    .  SiL  foss.  pi.  2L 

CMton  Qrayanus. 

Euomphalns  discors  ....  Foss.  gr.  7,  g. 

{xm&txiB  {Llandovery  to Ludlow)BiL  foss.  pL  25. 

rugosns.         .         .         .  Ibid.  24. 

Murchisonia  Lloydii  (and  Ludlow)     .  Ibid, 

Heieropoda     Bellerophon  dilatetus  (Bala  to  Wenlock)  Foss.  gr.  8,  e. 

Wenlockensis .        .         .  Sil.  foss.  pi.  25. 

Pteropoda  .     Connlaria  Sowerbyi  (BcUa  to  Ludlow)  Ibid, 

Theca  anceps  (and  Ludlow)       ,        .  Mem.  G.  S.  IL  p.  355. 

Cephalopoda    t  Lituites  Biddulphii  ...  Sil.  foss.  pL  31. 

Ortboceras  annulatum  (Bala  to  Wenlock)  Foss.  gr.  8,  / 

Maclareni         ...  SiL  foss.  25. 

ventricosum      .        .        .  Q.  J.  GeoL  Soc.  ii. 

EehinodemuUa  Actinocriims  pulcher       .  PaL  foes.  p.  1. 

Crotelocrinus  mgosos        .  Sil.  foes.  56. 

Cyathocnnus  goniodactylns  .                 Ibid,  pL  14. 

Echino^crinites  armatus .  .                 Ibid,  55. 

Eucalyptocrinus  decoms    .  .         .         Ibid.  pi.  14. 

Marsupiocrinus  ctelatus     .  .         .         Ibid,  56. 

Periechocrinns  moniliformis  (and  Lion- )  «        ot  g  6 

dovery) (         •  gr.    ,   . 

Psendociinites  qnadrifaflciatns    .        .        Ibid,  a, 
Taxocrinus  tesseracontedactylus         .        SiL  foss.  pi.  14. 
Annelida  .     Comulites    serpularius    (Llandovery    to )  gj,   -         ,   jg 
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Seipnlites  longinimiia  {and  LueUmc)  .         SU.  fOM.  pL  IS. 
TanUcnlitea  oniatiu  {Ba^a  to  Watiock)      Hid. 
AcidMpu  BuTuidiJ  ....        SiL  foo.  05. 
Ampfx  puvnlns  (ami  Ludlctn)  .        .        Mem.  O.  S.  p.  350. 
B«7TichiB  ElcBdeoi  {Jrorn  Bala  lo  TOabnu)  SiL  too.  63. 

CulvmeDg  BlrimeiibBdui  {from  Bala  to  ) ~ 

Ludlmc) t  ^°"-  V-^'- 


Cyphiapla  pjgmKiia  . 


Dec.  G.  a  7. 

sii.  fo«8.  es. 

Ibid.  17. 
Dec  G.  8.  ii. 
SU.  too.  64. 


EomKlanotoB  delptunoceptuJns  . 

lUtEnus  BameiuLa  (and  Uandovay)  . 

Lichu  Anglicu  [and  Ludloa)   , 

Phuapfl  uud»tiu  {ISandoeery  to  Ludiow]  Fool  gr.  8,  rf. 

Proetns  latirroiu  (Liandovery  to  Lvdlott)    8il.  ton.  6S. 

Spheerexochua  rainu  (ami  fain)  .         Ibid. 

Stadrocephdua  Uarchjsonii  (BaU  to  WeiUoci). 

IiOdlow  Oronp. — e.  Tti«  lK>war  Iiadloir  Book  of   Shropahire  is 
at  ita  base  not  unlike  tlie  Wenlock  shale — a  dark  sand;  shale,  with 


PoHll  Oronp  No.  9.    hailovr  PohUl 
iodoD.       c  F«nlanienu  KnlgfaUL        t.  Pterlna  ntinflaii. 
d.  RtajvohoDelU  DncDlL      /  Aiieul*  DanbjL 


spheroidal   calcareooB   coocretionB,  becoming   more  sandy  and  Stggj 
above,  genenlly  of  a  pale-greyisb  or  greeiiisli-bioirn  colour.     It  ii 
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usnallj  soft,  and  easily  decomposing,  so  aa  to  leceive  the  local  name  of 
mudstone.     The  ehalea  are  often  capped  by  beds  of  impure  fuller'a 


Ludlow  FouUl 

a.  Cyclonems  conM.  c  FilBocomm  Colrlal. 

(,  Froluter  UilUil.  t.  OMiiXiBna  bulliitQiii. 

/.  Phngmoeama  TtntricMiim. 

earth  (piovincially  called  .walker's  earth),  *  which  eupport  the  Aymestry 
limestone. 

7.  Tha  AymeBtiT  LimestoiiB  u  a  datk  grey  limestone,  Toiely  so  thick 
or  M  pore  as  the  Wenlock  limeatone  often  is.  In  Sonth  Staffordshire 
the  workmen  call  the  Wenlock  "  the  white  limestone,"  and  the 
Aymestry  "  the  black  limestone."  It  is  generally  evenly-bedded  and 
flag-like,  being  ububIIj  earthy  oi  argillaceous,  with  small  concretions. 
It  often  dies  away  into  a  mere  band  of  calcareous  nodules. 

8.  The  TJppar  Ijudlow  Book  greatly  resembles  the  lower,  being  a 
slightly  micaceous  sandy  shale  or  flag,  or  soft  argillaceoos  sandstone 
(mndstone),    generally    thin-bedded,    of    bluish-grey    colonr  within, 

watt  ornnU^  la  Um  HiiM  of  Id  JWI  (doUO, 
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weathering  externally  to  a  rusty-biown  or  greeniah-grey.  Large 
spheroidal  concretions  occur  in  it  The  npper  part  of  these  beds 
passes  by  insensible  gradations  into  red  sandy  flags,  locally  called  tile- 
stones. 

9.  The  Tilestones. — In  Shropshire  the  gradation  from  the  greyish 
or  greenish  Upper  Ludlow  rocks  into  the  overlying  red  beds  is  rather 
a  rapid  one.  There  occur,  just  near  the  junction,  one  or  two  little 
bands,  called  hone-beds,  consisting  of  the  agglutinated  fragments  of  fish 
and  Crustacea,  which  may  be  assigned  to  one  or  other  groap.  The 
Downton  Castle  building-stone,  a  light-coloured,  thin-bedded,  slightly- 
micaceous  sandstone,  lies  above  these  bone-beds. 

In  South  Wales,  about  Llandovery  and  Llandeilo,  the  Upper  SQnrian  rocks 
lose  all  their  distmctive  limestones,  and  can  only  be  treated  as  one  group  of  Upper 
Silurian,  distinct  from  the  Lower  Silurian  below.  They  are  usually  Ter^cal,  ud 
as  we  pass  across  their  edges  we  find  the  upper  beds  alternating  with  red  beds, 
and  gradually  passing  into  a  mass  of  red  rocks  above — ^fossils  ooourring  -whenw 
the  beds  happen  not  to  be  red.  On  the  banks  of  the  river  Sawdde,  near  Llangad- 
dock,  there  occurs  a  section,  described  by  Sir  H.  De  la  Beche,  of  the  upper  part  of 
which  the  following  is  an  abstract : — 

6.  Grey  micaceous,  laminated  sandstone,  fossiUfewus       .  S90 

4.  Red  sandstones,  marls,  and  conglomerates  ....         700 
8.  Purplish-grey  micaceous  sandstones,  etc,  fosriUferous .         .         870 
2.  Band  of  red  conglomerate. 
1.  Grey  and  brown  sandstones,  flagstones,  and  shales,  often 

yery /ossUiferous 2000 

Below  No.  1  we  come  down  into  Lower  Silurian  beds,  while  above  Na  5  the 
beds  are  all  red,  and,  so  far  as  is  known,  quite  unfossiliferous.  The  fossils  in  aQ 
the  beds  from  1  to  5  are  Upper  Silurian  fossils,  and  the  top  of  the  group  5  ii 
taken  in  the  maps  of  the  Geological  Survey  as  the  boundary  of  the  Upper  Silniim, 
all  above  being  considered  to  be  Old  Red  Sandstone.  If  we  take  groupe  S  to  5 
as  Tilestones,  we  shall  get  a  thickness  of  nearly  1500  feet  for  that  subdivision.  * 

Characteristic  Fossils, — The  fossils  of  the  Ludlow  group  amount  to 

more  than  600  species,  of  which  the  following  list  contains  the  most 

characteristic  forms : — 

Aciinozoa  .     Cyathaxonia  Siluriensis .        •        .  M'Coy,  PaL  foes.  p.  96^ 

Hydroxoa  .     Graptolithus  priodon  (Bala  to  Ludlow)  Foss.  gr.  9,  a. 

Brctchiopoda   Disdna  rugata  (cmd  W'enlock)        .  Sil.  foss.  pL  20. 
'             striata 


Lingula  cornea 

lata. 

striata 


Orthis  limata 

Pentamerus  Knightii  {and  Wenlock)       Ibid,  c 
Rhynchonella  nucula  {Llandovery  to  )  n^fj  j 
Ludlow) ) 


Ibid, 

SiL  foes.  28. 

SiL  foss.  pL  20. 

Ibid, 

Foss.  gr.  9,  b. 


*  See  item.  QtoL  Sur.  vol  1.  p.  28  ;  and  Sheet  41  of  the  Geol.  Sur.  Map.  On  the  i«l 
colour  of  strata,  and  on  the  connection  between  that  colour  and  absence  of  fonOs.  see  t 
paper  by  Professor  Ramsay  (Quart.  Jcwm.  QtoL  Soe.  1871X  «nd  the  remarks  at  the  b«|ia- 
ning  of  the  account  of  the  Old  Red  Sandstone  in  the  present  HanuaL 
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dmchifera^     Avicula  Danbyi     ....        Foss.  gr.  9,/. 

Anodontopsis  (several  species)         .         M'Coy,  Pal.  foss.  p.  271-2. 

Ctenodonta    Anglica   (lAaruioveTy   to )  ^^  ^^     .  ^^ 
Ludkno) )  '^ 

CucuUella  Cawdori        .         .         .         Sil.  foss.  pi.  34. 

Goniophora  cymbsaformis  (aiui  Uamr  |  «^    ,  03 
do^cery) )         •  P        • 

Modiolopsis  complanata  .         .        Ibid, 

Orthonota  (sevend  species). 

Pterinea    retroflexa    ilMndontty   to  \  „^^  ^  n  ^ 
Ludlow)   .....      j  ^o««- gr- »»  «• 
Cfcuterqpoda    Acroculia  euomphaloides        .         .         M'Coy,  Sil.  foss.  p.  290. 

Cyclonema  condUi         .         .         .         Foss.  gr.  10,  a. 

Euomphalus  carinatns  .         .        .         SiL  foss.  pi.  24. 

Holopella  cancellata  {Bala  to  Ludlow)    SiL  foss.  15. 

Lozonema  sinuosum      .         .        .         Sil.  foss.  pL  24. 

MuFchisonia  articidata  {avd  Llandoioery)  Rid. 

Natica  paira         ....         Ibid,  25. 

Pleurotomaria  imdata    .         .         .        Ibid,  24. 
Heteropoda,    Bellerophon  ezpansus  {and  Uandovery)  Sil.  foss.  pL  25. 
Pteropoda  .    Conularia  sabtUis. 

Ecculiompbalus  Isevis  (and  LUmdooery)  Sil.  foss.  pL  25. 

Theca  Forbesii  {and  Wenlock)        .         Q.  J.  GeoL  Soc.  ii.  p.  814. 
Cephalopoda   Ascoceras  Barrandii       .         .         .         SiL  foss.  63. 

Lituites  articulatus        .         .         .         Sil.  foss.  pL  31. 

Orthoceras  bullatnm  {and  Llandovery)    Foss.  gr.  10,  e. 

Phragmoceras  ventricosiun   (and  five  )  n^j   f 
other  species)    .         .        .  |  ^w«. /• 

EchinodennaJUi,  Palseaster  Ruthveni     .  .        Sil.  foss.  57. 

Palffiocoma  Colvini  (and  three  other)  ™^.„  ^  m  >. 
species)     .         .         .         .         .         F088.  gr.  10,  tf. 

Protaster    Miltoni    (and    three  other )  ^^^  . 
species \         *    * 

Taxocrinus  Orbignyi      .         .         .         M*Coy,  PaL  foss.  p.  53. 
Annelida   .     Crossopodia  lata    ....         M'Coy,  PaL  foss.  p.  130. 

Serpulites  dispar  ....         Ibid.  Ap.  p.  1. 

Tentaculites  tenuis         .         .         .         SiL  foss.  pi.  16. 

Trachyderma  coriacemn  (and  squamo- )  ^^^  G.  S.  IL  p.  381. 
snm)         .....)  , 

Cmstetcea  .     Addaspis  coronata         .        .        .         Q.  J.  OeoL  Soc.  ziiL  p.  210. 

Beyrichia  siliqna. 

CalynieneBlumenbachii(^a2atoJ>tM22(n(^)Fo8S.  gr.  S,e. 

Ceratiocaris  Mnichisonii  (and  ten  other  )  0:1   r^  ^  ^^   10 
■pedes)     .....         SU.  foss.  pL  19. 

Encrinurus  pnnctatns  {Llandovery  to  i  ^.^   «       ^^ 
Ludlow) t  *      ' 

Eurypterus  abbreviatus  (and  six  other  |  q  j  ^^^  g^  ^^^  ^ 
species) )  ^ 

Homalonotos  Knightii  ...         SiL  foss.  pL  19. 

Ludensis. 

Lichas  angUcus  {and  Wenlock)        .         Sil.  foss.  64. 

Phacops   ^ttdatns,    Itow,dDgi«,   "hI  |  sa.  foss.  pi.  17. 

longicandatns  {and  Wenlock)       .      )  '^ 

Proetus  latifrons  {Llandovery  to  Ludlow)  Sil.  foss.  65. 
Pterygotus  bilobus        ...         SiL  foss.  26. 
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Crustacea 
Fish.    . 


Pterygotus  problematiciis  (and  sevenl )  jv^  O  S  10 
other  fipecies)    .         .         .         .      (  ... 


Onchus  Murchisonii 
— ^—  tenoistriatus 
Plectrodua  mirabilis 

postulifeniB 

Pteraspis  Banksii . 

tmncatus 

Sphagodua  pristodontus 


Sil.  fofls.  pL  35. 

Ilrid. 

Ibid,  35. 

Ibid,  35. 

SiL  foes.  68. 

Ibid, 

SiL  foss.  pL  85. 


Charaeterisiie  Fossilt  of  the  TiUstonei, — The  following  foaails  have  Ijeen  fcnmd 
in  what  are  styled  "passage  beds,*'  which  lie  above  the  Downton  Castle  stoD«, 
and  show  a  conformable  gradation  from  the  Upper  Lndlow  to  the  Old  Bed  Sand- 
atone  : — 

Braehiopoda    Lingnla  cornea  (also  in  Ludlow)     .  SiL  foss.  23,  pL  34. 

Conchyfera .     Telluites  afl^is      ....  PaL  foes.  pL  1,  k. 

Gasteropoda    Platyschisma  helicites  {also  in  Ludlow)  SiL  foes.  26,  pL  84. 

Crustacea  .     Astacoderma  (nine  species)  .  Q.  J.  G.  S.  zviL  p.  542. 

Beyrichia  Klcodeni  {JromtheLlandavay)  ^  foss.  63. 

Euryptems  linearis  {also  in  Ludlow)  Q.  J.  G.  S.  xv. 

megalops  {peculiar)      .  Ibid. 

pygmeus  {also  in  Ludlow)  SiL  foes.  66. 

Leperditia  sp.  {also  in  Ludlow)  Ann.  Nat.  Hist.  xviL  91. 

Pterygotus  Banksii        .         .         <  SiL  foss.  67. 

Lndensis  (peculiar)       «  Ibid, 


Fish 


Parka  deeipiens,  eggs  of  Pterygotus  (peculiar). 


Anchenaspis  Salteri 

omatns      , 

C^phalaspis  Murchisonii 
Onchus  Murchisonii  {also  in  Ludlow) 
Plectrodus  mirabilis  (do,) 
Pteraspis  Banksii  (do.)  . 


Q.  J.  G.  S.  xiii  pL  11. 

SiL  foss.  22. 

SiL  foss.  23. 

SiL  pL  35. 

Ibid. 

Sil.  foes.  68. 


The  description  of  the  Upper  Silurian  rocks  jnst  given  applies  to 
them  throughout  Shropshire  and  Staflfbrdshire,  Herefordshire  and  Wor- 
cestershire,  Monmouthshire  and  Qloucestershire.*  If  we  proceed  from 
that  district  into  either  North  Wales  or,  as  already  remarked,  into  Soath 

(3bb 
Ttet 


*  In  Sheet  SO  of  the  Horixontal  Sections  of  the  Oeological  Survey,  which  e 
Forest,  we  have  the  following  series  described  by  Mr.  Aveline : — 

Supposed  Old  f  Red  marl  and  fissile  grey  micaceous  sandstone  (used  for  toes)  with 

Red  Sandstone.  (    thicker  beds  of  light-coloured  sandstone 

Ludlow  Group,  i  ^'^^^f  fl««8y»  brown  shales,  and  dark  brown  sandstone,  upper  beds 
\    very  fossiliferous,  lower  quarried  for  flagstone  .... 

{Oreyish-brown  and  blue  sandy  argiUaoeous  shale,  passing  down  into 
thick,  grey  gritty  sandstones,  with  bands  of  dark  slate  (Denbi^ 
shire  sandstones) 

In  Sheet  4,  which  runs  over  Mynnyddbwlch*y  groes,  nearliandoveiy,  the  section 
the  edges  of  the  following  beds,  all  vertical  :— 

Red  beds  of  supposed  Old  Red  Sandstone. 
Tileetones— Laminated,  grey,  micaceous  sandstone,  fossiUferous    .... 
Ludlow  and    f  Sandstones,  thick  above,  thinner  below,  having  grey  shales  and  cal- 
Wenlock.       (     careous  bands  interatratifled,  with  most  shales  near  the  base  . 


Wenlock 
Group. 


1AM 


6000 


5000 


Llandovery,    i  ^^®»  ^^°®'  S'®*'**  ■"*  brown  shales  (Tarannon)   . 
( Thick  beds  of  coarse  sandstone,  with  layers  of  Pe 


Pentameri 


MOO 
000 

900 
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Wales,  a  great  change  takes  place  in  them,  since  all  the  limestones  die  out 
and  disappear,  and  the  clays  and  shales  pass  into  hard  slates  and  flags, 
while  coarse  sandstones  and  fine  hard  grits  make  their  appearance  among 
them.  In  the  dun  Forest  district,  and  thence  through  Radnor  Forest 
down  to  Llandeilo  towards  the  south,  or  in  the  Long  Mountain  (between 
the  Stiperstones  and  the  Breiddens)  on  the  north,  it  is  barely  possible 
to  separate  the  Upper  Silurian  into  two  groups — the  Ludlow  and  the 
Wenlock.  In  all  these  places  they  pass  conformably  and  gradually 
up  into  the  overlying  red  series  (Tilestones  or  Passage  beds)  which  have 
hitherto  been  considered  the  base  of  the  Old  Red  Sandstone.  Farther 
north,  in  Denbighshire,  even  this  separation  has  been  found  impracti- 
cable. The  Upper  Silurian  consists  of  the  Tarannon  shales,  probably 
representing  the  Llandovery  beds,  and  the  Denbighshire  sandstones, 
which  represent  the  lower  part  of  the  Wenlock  shale,  and  pass  up  into 
a  great  series  of  dark  flags  and  slates,  which  represent  the  upper  part 
of  the  Wenlock  group,  and  possibly  more  or  less  of  the  Ludlow  series. 
These  beds  are  very  highly  inclined  and  greatly  denuded,  and  small 
patches  of  Old  Red  Sandstone  lie  here  and  there,  nearly  horizontally, 
across  their  often  vertical  edges,  the  Silurian  rocks  striking  east  and 
west,  while  the  Old  Red  Sandstone  ranges  from  south  to  nortL  These 
Denbighshire  flags  contain  an  abundance  of  large  Orthoceratites,*  as 
well  as  groups  of  Crinoids  in  some  places,  and  other  fossils  (Cardiola 
interruptay  etc),  which  prove  their  Upper  Silurian  character  independ- 
ently of  their  lying  above  the  Bala  beds  of  the  Berwyns,  and  Gym  y 
Brain,  and  those  of  Merioneth  and  Caemarvont 

CuMBERiAND,  etc — According  to  Professor  Sedgwick  the  following 
are  the  typical  groups  of  rocks  deposited  during  the  Upper  Silurian 
period  in  the  north  of  England  : — 

3.  Kendal  group  ss  Ludlow  rocks. 
2.  Ireleth  slates  =  Wenlock  rocks. 
1.  Coniston  grits  ss  May  Hill  sandstone. 

1.  The  Coniston  grits  have  few  fossils,  and  their  identity  with  the 
May  Hill  sandstone  is  therefore  doubtful,  although  very  probable. 

2.  The  Ireleth  slate  group  is  divided  into  four  stages : — a.  Lower 
Ireleth  slate  ;  6,  Ireleth  limestone  ;  c.  Upper  Ireleth  slate  ;  d.  Coarse 
slate  and  grit     Fossils  are  rare,  but  generally  of  the  Wenlock  type. 

3.  The  Kendal  group  is  divided  into  three  stages  :  a,  A  great  group 
of  flags  and  grits  ;  fossils  abundant  and  of  the  Lower  Ludlow  type,  h. 
Thick  grit  and  flagstone,  with  bands  of  coarse  slate ;  fossils  locally 
abundant,  and  of  Upper  Ludlow  type  ;  c,  Tilestones,  resembling  those 
of  Shropshire,  etct     Four  species  of  star-flsh  have  been  found  by  Pro- 

*  Called  at  one  time  Oreseis,  by  E.  Forbes :  GtoL  Jowm.  vol.  i.  p.  14<S,  and  U.  p.  814. . 

t  See  Maps  71  and  74»  and  Sections  Nos.  38  and  89  of  the  Qeolc^cal  Sorve  j. 

X  Sedgwick,  SynoptU  afCUusyUxUiont  etc. 
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feasor  Sedgwick  in  the  Kendal  group  (stage  &),  of  which  Urcuter  primcnu$ 
is  the  most  abundant,  and  Protoiter  Sedgwickii  the  most  interesting^  as 
when  first  described  it  was  considered  to  be  the  only  known  fossil 
representative  of  the  Euryalidee,*  although  better  specimens,  since 
obtained,  show  it  to  have  been  an  abnormal  form  of  the  Ophiurid£B.t 

Scotland. — Upper  Silurian  rocks  are  at  present  known  to  occur 
in  three  localities  in  Scotland,  but  in  none  of  these  have  their  relations 
to  the  Lower  Silurian  series  been  accurately  determined.  On  the  south 
side  of  the  Silurian  uplands  of  Galloway,  Wenlock  fossils  have  been 
obtained  near  Kirkcudbright]!  On  the  north  side  of  these  high  grounds, 
a  thick  series  of  Upper  Silurian  rocks,  with  Pterygoha^  Trockus  hdicUes, 
Lingula  cornea^  and  other  fossils,  graduates  upward  into  the  base  of  the 
Old  Red  Sandstone,  while  in  the  Pentland  Hills  a  much  more  abun- 
dantly fossiliferous  series,  also  passing  up  into  the  Old  Red  Sandstone, 
contains  representatives  of  both  the  Wenlock  and  Ludlow  group.  §  In 
the  valley  of  the  Qirvan,  Ayrshire,  representatives  of  the  Llandoveiy 
group  are  well  exhibited ;  but  though  they  contain  some  Upper  Silurian 
forms,  their  general  character  is  that  of  the  lower  Llandovery  rocks. 

Ireland. — Representatives  of  the  Llandovery  beds  are  to  be  found 
largely  in  Qalway,  about  Maam,  and  the  south-west  end  of  Lough  Mask, 
some  of  the  upper  beds  being  probably  of  Wenlock  age.  This  is  the 
case  with  the  beds  of  Ughool,  near  Ballaghadereen,  and  possibly  with 
those  of  Lisbellaw,  south  of  Enniskillen.  In  all  these  places  great  con- 
glomerates abound,  containing  rounded  blocks  of  syenite  of  one  or  two 
feet  in  diameter.  Beds,  probably  of  Llandovery  age,  are  to  be  found 
also  in  the  Oratloe  Hills  of  Limerick.  On  the  west  flank  of  Cahirconree, 
in  Kerry,  some  limestone  bands  contain  fossils  which  have  been  deter- 
mined by  Mr.  W.  H.  Baily,  and  are  believed  to  be  of  Wenlock  age. 

At  the  extremity  of  that  promontory,  between  Ferriters  Cove  and 
Dunquin,  and  thence  to  Smerwick  Harbour,  certain  beds  occur  which 
appear  to  represent  both  the  Wenlock  and  Ludlow  groups,  since 
crowds  of  fossils,  characteristic  of  those  beds,  are  to  be  found  there.  A 
certain  line  was  drawn  by  the  late  Mr.  Du  Noyer,  beneath  which  Wen- 
lock species  aboimd,  while  above  it  are  many  Ludlow  species,  including, 
in  some  places,  many  specimens  of  Pentamerus  Knightii,  These  beds 
are,  however,  greatly  disturbed  and  confused,  and  bent  into  violent 
contortions,  if  not  inverted.  Certain  beds  of  purple,  and  green,  and 
yellow  sandstones,  etc,  lie  apparently  beneath  the  Wenlock  beds,  and 
graduate  up  into  them,  peculiar  conglomerates  occurring  both  in  the  fossil- 
iferous beds  and  in  the  beds  below  them.  These  are  called  by  the  GSeo- 
logical  Survey  by  the  provisional  name  of  the  Smerwick  beds.    Over  the 

•  Mem,.  Otol.  Survey,  Deo.  1.  f  SUuria,  p.  225. 

t  Qvart.  J<mrn.  OeoL  Soe.  iv.  200 ;  and  viL  64.    See  also  Oeikie  on  SUnriAa  Bocks  of 
Scotland  (Trans.  OeoL  Soc  GUug<yw,  iiL  93). 
.     I  See  SUuria^  pp.  169-168,  and  the  authoritiea  there  cited. 


UPPER  SILURIAN  PERIOD. 


559 


Ludlow  beds,  again,  there  sets  in  a  vast  thickness  of  green  and  purplish 
^tSy  iuterstratified  with  red  shales,  and  having  in  the  upper  beds 
purple  conglomerates,  with  pebbles  containing  Llandovery  fossils. 
These  we  call  the  Dingle  beds.  They  appear  to  occupy  the  same  posi- 
tion as  the  red  beds  above  the  Ludlow  rocks  in  Shropshire  and  Hereford- 
shire, in  South  Wales  and  in  Scotland,  but  no  fossils  have  yet  been  found 
in  them  in  Ireland.    They  will  be  mentioned  again  in  the  next  chapter. 

Foreign  Iiooalities. 

BchemitL — M.  Barrande  has  divided  the  Upper  Silurian  rocks  of  Bohemia  into 
fonr  stages  (Stages) :  Stage  E,  Lower  Limestone ;  Stage  F,  Middle  Limestone ; 
Stage  G,  Upper  Limestone ;  Stage  H,  Overlying  schists.  He  shows  from  an 
abundant  fauna  that  these  rocks  in  Bohemia  are  closely  paralleled  by  the  Upper 
Silurian  series  of  Britain,  though  he  does  not  identify  any  one  of  his  groups  with 
tmy  one  of  our  British  subdivisions.* 

Scandiftavia, — The  Lower  Silurian  rocks  of  the  south  of  Norway  are  overlaid 
with  strata,  in  which,  as  in  the  Lower  Llandovery  beds  of  Wales,  there  is  a 
mingling  of  Lower  and  Upper  Silurian  forms  of  life,  and  above  which  come  true 
Upper  Silurian  rocks.  The  Wenlock  group  is  well  represented ;  the  Ludlow  rocks 
less  distinctly.  In  the  south  of  Sweden,  however,  true  Upper  Ludlow  fossils 
occur.  It  is  interesting  to  find  that  though  in  thickness  of  strata  the  Scandi- 
navian Silurian  series  is  a  poor  representative  of  the  enormous  depth  of  the  system 
in  Britain,  it  yet  represents  the  various  palaeontological  horizons  with  wonderful 
completeness.  From  the  "primordial  zone"  to  the  top  of  the  Upper  Silurian 
groups,  the  whole  system  in  the  Christiania  basin  does  not  reach  a  thickness  of 
20OO  feet,  yet,  accordmg  to  Sir  R.  Murchison,  it  **  represents  the  whole  of  the 
vastly  exx>anded  British  series. "+ 

North  America. — The  rocks  of  this  region  of  the  age  of  the  Upper  Silurian 
period,  are— 


Wenlock 


Upper 
Llandovery 


Lower 

Helderberg 

Group 

(Ludlow  rocks) 


Onondago 
Group 


Niagara  Group 


Clinton  Group 


Upper  Pentamerus  lime- 
stone 
Encrinal  limestone 
Delthyris  shaly  limestone 
Lower  Pentamerus  lime- 
stone 
Tentaculite  limestone 
Onondaga  salt  group,  a 
grey  ash-coloured  shale, 
with  gypsum  and  rock- 
salt 
Niagara  limestone,  com- 
pact grey  lime8tone,rest- 
ing  on  Niagara  shale 
Clinton  rocks  (2400  feet) 
e.  Variegated  red  marls 
and  calcareous  shales 
b.  Shales  and  aiigiUace- 
ous    limestone    and 
calcareous  sandstone 
a.  Greenish  and  yellow- 
ish slates  with  ferru- 
ginous sandstone 


o 
o 

CO 


Pentamerus  pseudo- 
galeatu8, 

Pentam^ems    Ver- 
netUliiy  etc. 

Pentamerus  galeatua. 

TentaculUes  oma- 
tuSf  etc, 

A  tryjpay  Delthyris^  Penta- 
merus, Merista,  Mur- 
chisonia,  etc. 

Numerous  corals  in  lime- 
stone, OrihiSf  Spvrir 
fer,  etc. 

Pentamerus  ovalis  in  up- 
per part;  P.  oblongus 
in  lower  beds ;  Lingula 
oblonga,  Lepioena  de- 
pressa;  Calymene  Bhir 
menbachiiy  etc. 


*  See  his  S^stim*  SUurien  dt  la  Bohkmt;  and  Sauria,  p.  274. 


t  Sawria,  p.  852. 


560  STRATIGRAPHICAL  GEOLOGY. 

It  does  not  appear  that  in  this  table  there  is  any  exact  equivalent  of  the  Upper 
Ludlow  rocks,  and  there  appears  to  be  a  break  between  the  top  of  the  Iiower 
Helderberg  group  and  the  next  formation,  or  Oriskany  Sandstone,  which,  reetii^ 
in  denuded  hollows  of  that  group,  is  regarded  as  the  base  of  the  Defonian  syatem. 

Volcanic  Rocks  of  Silurian  Period  in  Britain. 

In  accordance  with  the  plan  proposed  on  a  previons  page,*  we 
proceed  to  add  to  the  foregoing  account  of  the  stratigraphical  and 
palaeontological  characters  of  the  Silurian  rocks  of  Britain,  some  refer- 
ences to  the  evidence  which  these  rocks  furnish  as  to  contemporaneous 
volcanic  activity.  Neither  in  the  Laurentian  nor  in  the  Cambrian 
formations  of  this  country,  have  any  traces  of  such  activity  as  yet  been 
found.  The  Silurian  volcanoes  are  thus  the  most  ancient  of  which  we 
possess  here  any  record. 

Lmoer  Silwrian.\ — The  oldest  recognisable  volcanic  rocks  in  tbis 
country  belong  to  the  lower  Silurian  period.  They  are  best  displayed 
in  North  Wales,  where,  as  was  shown  long  ago  by  Sir  Roderick 
Murchison,  they  rise  into  conspicuous  ranges  of  hills.  Two  principal 
epochs  of  eruption  have  been  detected  by  Professor  Ramsay  and  his 
colleagues  of  the  Qeological  Survey.  One  of  these  occurred  during  the 
deposition  of  the  Llandeilo  rocks,  and  is  indicated  by  the  igneous  rt>cks 
of  Aran  Mowddwy,  Cader  Idris,  Arenig  and  Moelwyn  ;  the  other  is 
marked  by  those  of  the  Snowdon  district  which  lie  among  the  Bala  beds. 
These  volcanic  rocks  consist  partly  of  massive  sheets  of  felstone,  vaiying 
in  texture  and  colour,  and  partly  of  thick  accumulations  of  tuff  or  ash. 
The  former  are  true  lava-flows,  the  latter  point  to  frequent  showers  of 
volcanic  dust,  and  to  the  settling  of  such  dust  and  stones  on  Uie  eea- 
bottom,  where  they  mingled  with  the  ordinary  sediment,  and  with  shells, 
corals,  and  other  organisms.  Some  of  these  ashy  deposits  attain  a  great 
thickness.  Thus,  at  Cader  Idris,  "  they  are  about  2500  feet  thick,  the 
accumulated  result  of  many  eruptions.*'  Northwards,  this  mass  thins 
entirely  away,  and  the  ordinary  sedimentary  strata  take  its  place. 
Equally  local  are  the  massive  beds  of  felstone  which  represent  the  sub- 
marine lava-flows  of  the  time.  Sometimes  they  still  preserve  the  slaggy 
vesicular  character  which  marked  their  surface  when  the  melted  rock 
was  in  a  state  of  motion  along  the  sea-bottom.  By  this  and  other 
evidence  of  a  like  tendency  we  learn  the  existence  and  position  of  true 
submarine  volcanoes  during  the  lower  Silurian  period  in  Walea^ 
Northwards,  in  the  Lake  District,  Professor  Sedgwick  has  found  similar 
proofs  of  volcanic  action  among  the  lower  Silurian  rocks  of  that  r^on, 
and  these  rocks  are  now  being  worked  out  in  detail  by  Mr.  AveUne  and 
his  colleagues  of  the  Qeological  Survey. 

*  AnU,  p.  284.  f  See  BriL  Assoc  Rep.  18«7,  Address  to  Geological  Beotioo. 

t  See  Murchison,  SUuHa,  p.  88.    Ramsay,  Descriptive  Catalogue  of  Eock  Spedmens  im 
Jermyu  Street  Museora,  8d  edit.  p.  8.    Mem.  Geological  Swrvey,  voL  iiL  p.  81,  ct 
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No  veiy  distinct  tiaces  of  contemporaneous  volcanic  activity  have 
yet  been  detected  among  rocks  of  this  age  in  Scotland. 

Among  the  lower  Silurian  rocks  of  the  south-east  of  Ireland  beds 
of  tuff  and  felstone  are  interstratified,  resembling  in  general  character 
and  mode  of  occurrence  those  of  Wales,  but  on  a  much  smaller  scale. 
It  has  been  observed  that  the  Silurian  fossils  of  that  region  occur  only 
in  the  upper  part  of  the  series,  in  the  neighbourhood  of  the  trap-rocks 
and  calcareous  bands.* 

Upper  Silttrian. — In  Wales  volcanic  action  does  not  appear  to  have 
outlasted  the  lower  Silurian  period,  but  in  the  south-west  of  Ireland, 
among  the  headlands  of  Kerry,  massive  sheets  of  tuff  are  intercalated 
in  grits  and  slates,  which,  from  their  fossils^  have  been  assigned  to  the 
age  of  the  Wenlo<±  series,  t 

*  Memoirs  ofOtd.  Surv.  Ireland.    Explanations  to  Sbe^to  103,  111,  147, 167. 
t  Mem.  Geci.  Surv.  Ireland.    Explanations  to  Sheet  100,  etc.,  p.  21. 
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CHAPTER  XXXII. 

DEVONIAN  AND   OLD  BBD   SANDSTOBJS  FEBIOD. 

This  period  is  called  Devonian,  because  the  rocks  which  were  deposited 
during  its  continuance  occupy  a  large  part  of  Devon.  All  rocks  which 
were  formed  after  the  uppermost  of  those  which  can  be  properly  called 
Silurian,  and  before  the  lowest  of  any  which  can  be  properly  called 
Carboniferous,  may  be  classed  as  Devonian  rocks,  and. looked  upon  as 
records  of  Devonian  time.  The  older  term  "Old  Red  Sandstone," 
however,  is  retained  as  the  designation  of  those  thick  masses  of  red 
sandstone  and  conglomerate  which  in  Wales,  Scotland,  and  Ireland, 
intervene  between  the  Silurian  and  Carboniferous  systems,  and  are  either 
unfossiliferous  or  contain  chiefly  the  remains  of  ganoid  fish.  The  true 
Devonian  rocks  of  Devon  and  Cornwall  are  imdoubtedly  of  marine 
origin,  but  the  Old  Bed  Sandstone,  as  suggested  by  Mr.  Qodwin  Austen, 
and  more  recently  insisted  on  by  Professor  Ramsay,  may  possibly  have 
been  deposited  in  great  lakes  or  inland  sheets  of  water. 

To  what  extent  the  Devonian  and  Old  Red  Sandstone  rocks  of 
Britain  are  contemporaneous  has  not  been  clearly  ascertained.  They 
occupy  corresponding  portions  in  the  geological  series,  but  they  are  not 
found  touching  each  other,  nor  do  they  possess  any  common  palasonto- 
logical  evidence  by  means  of  which  they  may  be  satisfactorily  compared. 
In  Russia  and  America  recognised  Old  Red  Sandstone  fishes  have  been 
found  in  strata  containing  Pevonian  fossils.*"  The  smooth  grey  marbles 
of  Plymouth  may  be  on  the  same  horizon  as  some  of  the  coarse  conglo- 
merates of  Hereford  or  Wales,  that  is,  they  may  have  been  formed  at  the 
same  time  in  different  places.  Just  as  the  pebble  beaches  of  the  British 
coasts  and  the  coral  reefs  of  the  tropics  are,  as  contemporaneous  deposits, 
included  in  the  same  "  Recent  or  Human  Period,''  so  these  old  diffliinilar 
rocks  might  all  belong  to  the  "  Devonian  Period."  It  is,  however,  quite 
possible  that  the  slates  and  limestones  of  Devon,  and  the  red  sandstones 
of  South  Wales,  although  each  deposited  within  the  same  great  period, 
are  not  strictly  contemporaneous,  bilt  were  formed  at  different  parts  of  the 
period.  Or  it  is  possible  that  the  red  sandstone  series  of  South  Wales  is 
not  a  continuous  series — that  the  lower  part  of  it,  at  all  events,  ia  older 
than  any  of  the  Devon  series,  while  the  upper  part  may  be  newer  than 
much  of  that  series. 

*  See  SUuriOf  chaps.  xL  and  zriil. 
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Since  there  are  thna  two  diatiuct  types  of  strata  in  Britain,  each 
lying  between  the  Siluiiaa  fonnatiom  below  and  the  Carboniferoas 
above,  it  will  be  of  advantage  to  describe  each  type  separately,  along 
with  what  appear  to  be  or  are  now  known  to  be  its  foreign  equiva- 
lentB. 

Davoniaji.* 
In  North  Devon  the  order  of  succession  of  the  Devonian  rocks  has 
been  ascertained  to  be  as  follows  : — 
3.   l^j>per  Deoonian  (Barnstaple  and  Marwood   Beds). — ConsiHting  of 

slates,  schists,  and  calcareous  bands,  containing  fossils  also  found 

in  the  Garboniferoua  system  above. 
2.  Jfi(£J&!i)ei>onuin(IlfracombeBeda). — Grey  schists  and  ijrfrifiyiiMpAaiu* 

limestone. 
I.  Lover  Denanian  (Lynton  Beds). — Bed  sandstoties  and  conglomerates 

resting  on  Bchists  and  slates,  base  not  seen. 


J' 


a.  StroiDHtopoiB  placentA.  d.  Stringocepluliu  BortlnL 

b.  BroDletu  Bib«llifer.  (.  PlcurotomirU  lapen. 

c.  OlCAOU  tAiiii«Hin,  /  CljniBDl*  ibdila. 

*  TbtMs  ■athoT  ot  tlila  Huiiul  eatertalned  (Im  beUcT  ttlt  tta  •o^allal  DsTonlui  rocka 
■n  the  eqiil»»leiiM  of  lUe  lown  CubonlfcroiuroclnorlitUnii,— *  tIew  whlelii*  not  grooiiUj 
■ccepUd  bj  RwlogliU,  bat  ot  wUDb  ths  nndwt  will  and  ■  foUsr  niomt  la  Uu  Apputdii. 
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Professor  Sedgwick  arranges  the  rocks  of  Soutli  DeTon  info  the 
following  groups : — 

3.  Dartmouth  Slate  Oroup, — Coarse  roofing  slates  and  qnaitzites,  ending 
upwards  with  beds  of  red,  green,  and  variegated  sandstone. 

C  c,  Coarse  red  sandstone  and  flagstone. 
2.  Plymouth  Oroup,     <  6,  Calcareous  slates. 

(  a,  Great  Devon  limestone. 
1.  Ziskeard  or  Ashburton  Oroup, 

The  whole  of  the  rocks  of  Devon  and  Cornwall  are  greatly  dis- 
turbed and  contorted,  often  even  inverted,  so  that  in  the  country  about 
the  Dodman,  south-west  of  St.  Austell  Bay,  some  of  the  upper  rocks 
dip  apparently  beneath  others  which  are,  by  their  fossils,  of  Silurian 
age.  For  this  reason  the  district  is  one  which  is  not  well  calculated  to 
form  a  typical  district,  and  any  conclusions  drawn  from  it  require  very 
strict  testing  and  verification  in  other  localities  where  the  rocks  have 
been  left  more  undisturbedly  in  their  original  order  of  superposition. 


PlanU     . 
Ccdenterata 


Annelida  . 
Crustacea, 


« 


Chwraeterutic  Fosiilsjrom  Devonshire  and  ConvwaU,* 

Lower.  Middle. 

,     .     Enorria  dichotoma 

Adiantites  Hibernicns 
.    .    Cyathophyllmu  cffispitosmu 

Favosites  cervicomis 

Petraia  Celtica 

Pleurodictyum  problematicum 
.     .    Tentaculites  annulata 
.     .    BroDteus  flabellifer 

Cypridina  serrato-striata 

Homalonotus  Herschellii ! 

Phacops  granulatos 

— —  laciniatus 

latiAx>D8. 

Brachiopoda .    .    Atrypa  desquamata 

reticularis 

Chonetes  Hardrensis 

Meristella  plebeia 

Orthis  g^rannlosa  . 

Productus  prselongns 

Spirifer  Isvicostus 

lineatus  . 

specioens 

Stringocephalos  Burtini 

LameUibranchitUa  Avicula  Damnonlenses 

subradiata 


Upper. 


Gasteropoda  , 


Cocullela  amygdalina 

Hardringii 

Euomphalus  annulatns 
Murchisonia  angulata 


« 
« 

« 


•  R.  Etheridge,  Quart,  Joum,  GtoL  Soc.  voL  xxiiL 
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'  Characieristie  Fossils  Jrotfi  Devonshire  and  Comi0a22— continued. 

Lower.         Middle.         Upper. 
Cfasteropoda ,    .    Pleorotomaria  aspera    .        .        —  *  * 

^ucleobrcmchiata    Bellerophon  bisulcatus  . 

subglobatus 

CephcUopoda .    .    Clymenia  laevigata 

striata  .        , 

nndnlata 

€k)matite8  subsulcatos  . 


*  * 
«  * 
* 

___  ♦ 

* 


Volcanic  Rocks  op  Devonian  Age  in  Britain. 

During  the  accumulation  of  the  Devonian  rocks  of  the  south-west  of 
England,  volcanic  action  appears  to  have  been  well  displayed  in  that 
region.  Sir  Henry  De  la  Beche  pointed  out  frequent  proofs  of  this 
action  in  the  strata  extending  from  the  slates  and  limestones  of  the 
middle  Devonian  series  upwards  into  the  lower  part  of  the  carboniferous 
system.  He  foimd  both  amygdaloidal  lava-form  rocks  and  trap-tu£k — 
tiie  latter  passing  insensibly  into  the  ordinary  sedimentary  strata.  In 
some  places  the  tuff  contains  fossils,  and  becomes  so  calcareous  and  so 
interlaced  with  bands  of  limestone  as  to  have  been  quarried  for  lime. 
The  "  greenstones'*  are  abundantly  cellular  and  slag-like  in  character.* 

Vorelgn  Looalities. 
The  followixKg  order  of  succession  has  been  ascertained  in  Rhenish  Prassia : — 

Upper  Devonian  (Clymenia  and  Goniatite  Limestone ;  Cypridenen-ScMefer  ; 
Eramenzel-Stein  ;  Flinz  with  Spirifer-Vemenlii-Schiefer),  consisting  of 
schists  with  limestone  and  characterised  by  Oj^pridincBf  and  by  Goniatites 
and  Clymenice. 

Middle  Devonian  (Eifel  Limestone ;  Younger  Rhenish  Greywacke ;  Lenne- 
Schiefer)  composed  of  schists  and  sandstones  with  lenticular  masses  of 
limestone.  In  the  limestone  an  abundant  suite  of  fossils  occurs,  among 
the  more  characteristic  of  which  are  Stringoeephahu  BttrHnO,  UnoUes 
gryphAta,  Damdsoma  Vemeulii,  Spirifer  undiferus,  Megalodon  cucuUatus, 
CyaUhophyUwn  ccespitosum,  FavoeiUs  pUymovphuSy  HelioUies  porosus, 
Phacops  kUifrons,  Oryphceus  puncUUus,  Several  icthyolites  including 
Coccostetts  have  likewise  been  found. 

Lower  Devonian  (Older  Rhenish  Greywacke  ;  Spiriferen-Sandstein,  Wissenbach 

Slates,  Syst^me  Rh^nan)  Slaty  schists  with  sandstones,  quartz-rocks,  and 

.  occadomd  impure  limestone.     Characterised  by  Spvrifer  hystericus,  Sp, 

stpeeiosus,  TerebrcUula  Archiaci,  Pierinece,  Orthides,  etc,  Phacops  lacvniatus, 

Ph,  lat\frons  ;  HomaUmotus  Afirendi,  H.  a/rmatus,  etcf 

North  America, — In  many  parts  of  North  America  the  Palseozoic  rocks  lie  so 
regularly  and  undisturbedly,  that  they  may  probably  be  eventually  taken  as  the 
true  type  of  that  part  of  the  series  which  lies  between  the  Silurian  and  Carbon- 
iferous formations.    The  following  groups  have  hitherto  been  described  as  lying 

*  De  la  Beche*  Jtoport  on  Devon  and  CormwaU,  pp.  61,  70 ;  also  BrU,  Assoc.  Btp.  1867. 
Address  to  GeoL  Sect 

t  See  Hurchison,  SUwria,  chap,  zvi,  and  authorities  there  cited. 
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above  those  prenoiuly  mentioned  at  p.  543,  and  below  others,  whidi  belong  un- 
doubtedly to  the  Carboniferous  period. 


Uffer 


MlDDUl 


I 


3    - 

I 


Lower 


12.  Catskill  group  or  Old  Red   Sandstone — ^red 

shales  and  grey  and  red  sandstones    . 
11.  Chemung  group— grey,  blue,  and  olive-coloured 

shales,  and  grey  and  brown  sandstones 
10.  Portagd  group — ^fine-grained  blue  flag^stones, 

with  blue  shale  partings    .... 
'  9.  Genesee  slate — ^brownish-black  and  bluish-grey 

slate    ' 

8.  Tully  limestone,  according  to  Bigsby     . 

7.  Hamilton  or  Moscow  Shale — grey  shale  with 

dark  brown  sandstone       .... 

6.  Marcellus  shale — ^black,  with  thin  argillaceous 
limestone 

5.  Comiferous  limestone — light-grey  or  straw- 
coloured,  with  chert  nodules 

4.  The  Onondaga  limestone  comes  in  here  in 
New  York,  according  to  Bigsby,  from 

8.  Schoharrie  grit 

2.  Caudagalli  grit,  aigillaceo- calcareous  thin- 
bedded  sandstone 

1.  Oriskany  sandstone 


VeeL 

2000  to  4000 

1500  to  8200 

1700 

80  to  300 
10  to  20 

600 

150  to  300 

80  to  850 

10  to  40 
10 

50  to  800 
70  to  700 


It  appears  that  the  upper  division  contains  fish  of  the  genus  ffolcpt^ckimt, 
plants  of  the  genera  Sigillaria  and  LepidodendroUj  and  other  foasila.  The 
middle  group  contains  Trilobites  of  the  genera  Phacops,  ProetuSf  and  ffomaUmotut, 
together  with  Dalmanites  (a  division  of  Phacops),  Atrypa  reticularis^  and  other 
fossils,  together  with,  as  stated.  Old  Red  Sandstone  fish,  and  shells  of  the  genen 
Ooniatitea  and  Producta,  as  well  as  Haly sites  catenulatris,  and  other  Silurian  ttamt, 
such  as  TentcumHtes,  The  Oriskany  sandstone  contains  Orihis  unffu^ormis  and 
other  fossils,  and  Spirifera  macraptera  and  Pleurodietyvm  probtenuttxeum,*  Old 
Red  Sandstone  fish,  of  the  genera  Asterolepis,  etc,  occur  with  the  marine  shells. 

Sir  W.  Logan  assigns  a  thickness  of  7000  feet  to  the  Devonian  rocks  of 
Canada,  but  they  thin  away  to  nothing  to  the  southwards,  as  on  the  Miasisaipia 
the  Carboniferous  rocks  lie  directly  on  the  Silurian.  From  the  Devonian  series  of 
New  Brunswick  and  Nova  Scotia,  Dr.  Dawson  has  in  recent  years  disinterred 
and  described  upwards  of  eighty  species  of  land-plants,  belonging  for  the  moil 
part  to  genera  which  are  found  in  the  succeeding  or  Carboniferous  system.i' 


Old  Bed  Sandstone. 

In  Wales,  in  the  bolder  country  between  Wales  and  England,  called 
by  Sir  Roderick  Murcbison  SQaria,  in  Scotland  and  in  Ireland,  there 
lies  between  the  Silurian  rocks  and  those  of  Carboniferous  age  a  great 
thickness  of  strata,  differing  very  markedly  from  the  Devonian  locks 
of  Devon  and  Cornwall.  To  these  the  name  of  the  Old  Bed  Sandstone 
was  in  the  early  history  of  the  science  applied,  to  indicate  that  they 
consisted  chiefly  of  sandstone,  that  they  were  red  in  colour,  and  that, 

*  See  alBo  Dr.  Bigsby's  paper  on  the  Palnosoic  Rocks  of  N.  America,  QuarL  Jomm,  (koL 
Soc  voL  xiv. 

«  See  his  papers  in  QuarL  Joum.  G«ol.  Soc,  xvlii  and  xix. 
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Ijing  below  the  Coal-meaBures,  ihey  were  '  Old '  as  contrasted  with 
other  red  sandstones,  which,  lying  above  the  Coal-measures,  were '  New.' 
As  a  descriptive  term  for  the  rocks  as  developed  in  Britain,  a  better 
subatitnte  conld  not  be  foimd  ;  for  though  clays,  limestones,  con- 
^omerates,  and  other  rocks  occur  in  the  formation,  and  though 
various  shades  of  purple,  green,  yellow,  and  even  white  occur,  the 
fact  remains  that,  as  a  whole,  the  strata  really  do  consist  mainly  of 
red  sandstones. 

On  the  Red  ColoriMthn  of  certain  Formations, — Some  remarks  may 
be  offered  here  in  r^;ard  to  some  recent  speculations  as  to  the  probable 
cause  of  the  prevailing  red  colour  of  some  formations.  The  Ounbrian 
rocks,  as  we  have  seen,  are  often  markedly  red.  The  Old  Red  Sand- 
stone, the  Permian,  and  the  Trias,  to  be  yet  described,  are  likewise 
distinguished  by  their  red  hues.  In  a  paper  recently  read  before  the 
C^logical  Society  of  London,  Professor  Rcimsay  has  called  attention  to 
the  red  colour  of  the  Cambrian,  Old  Bed  Sandstone,  Permian,  and  other 
formations,  as  furnishing'  evidence  of  the  existence  of  ancient  inland 
seas  or  lakes.  He  shows  that  the  red  strata  are  to  a  large  extent  im- 
fossiliferous,  and  that  where  they  lie  upon  and  pass  down  conformably 
into  fossiliferous  beds,  as  the  Old  Bed  Sandstone  of  Wales  and  of  Scotland 
does  into  the  Upper  Silurian,  the  fossils  of  the  underlying  formation 
become  fewer  in  numbers  and  dwarfed  in  form  as  they  are  traced  up 
into  the  red  beds,  until  they  finally  disappear.  This  happens  so  fre- 
quently that  the  conclusion  can  hardly  be  avoided  that  the  conditions 
under  which  the  red  beds  were  deposited  were  not  favourable  to  life. 
Professor  Bamsay  connects  the  occurrence  together  of  red  colouring 
matter  (peroxide  of  iron),  gypsum,  magnesian  limestone,  and  beds  or 
pseudomorphs  of  rock-salt,  remains  of  plants,  amphibian  foot-prints, 
and  rain-pittings,  as  parts  of  a  whole  series  of  phenomena  which  are 
not  reconcilable  with  deposition  in  open  sea,  but  in  inland  seas  where 
the  waters  were  capable  of  evaporation  and  concentration,  and  where, 
consequently,  ordinary  testaceous  life  could  not  flourish.  He  believes 
that  in  the  case  of  the  Old  Bed  Sandstone  of  Britain  (as  distingmshed 
from  the  Devonian  series)  we  have  before  us  proofs  of  a  gradual  shal- 
lowing of  the  Silurian  sea,  and  of  such  additional  geographical  changes 
as  sufficed  to  convert  the  bed  of  that  sea  in  our  area,  first  into  brackish 
water  and  afterwards  into  one  great  fresh-water  lake  or  series  of  lakes, 
in  which  a  few  of  the  old  marine  forms  might  partially  survive,  or  into 
which  their  successors  might  find  occasional  access.  In  directing 
att^tion  to  the  significance  of  the  vast  intercalated  groups  of  red 
strata  in  the  list  of  geological  formations,  he  remarks  that  if  his 
deductions  as  to  the  origin  of  these  strata  are  correct,  the  geological 
record  is  by  no  means  so  barren  of  traces  of  ancient  terrestrial  con- 
ditions as  it  is  commonly  believed  to  be.     In  palseozoic,  and  partly  in 
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mesozoic  times,  for  instance,  he  consideiB  that,  from  the  doee  of  the 
Silurian  period  onward  to  the  epoch  marked  by  the  Bh»tic  beds,  we 
have  evidence  of  the  presence  in  Europe  of  a  long  series  of  inland 
waters  in  which  the  Old  Red  Sandstone,  great  part  of  the  Carboniferous 
formations,  the  Permian,  Trias,  and  part  of  the  Rhsstic  series,  were 
successively  deposited.    Such  continuity  of  terrestrial  conditions  implies, 
he  thinks,  probable  continuity  of  terrestrial  or  lacustrine  genera,  if  not 
species ;  and  he  believes  it  quite  possible  that  such  continental  types 
of  life  might  remain  in  existence  during  the  passage  of  several  geo- 
logical periods.     The  identification  of  the  H^perodapedon  of  Elgin  with 
a  true  triassic  lizard,  to  be  afterwards  noticed,  would  thus  be  no 
necessary  proof  of  the  triassic  age  of  the  Elgin  beds,  but  might,  on  the 
other  lumd,  indicate  the  permanence  of  one  of  the  forms  of  life  of  the 
pakoozoic  continents.     Hence,  while  he  has  never  seen  any  sound 
stratigraphical  reason  why  the  strata  at  Elgin  yielding  Hyperodapedcnj 
StagonolepiB,  etc,  should  be  dissevered  from  the  Old  Red  Sandstone,  to 
which  they  were  originally  assigned,  he  finds  in  the  palseontological 
argument  for  this  separation  no  valid  reason  for  the  change,  and  there- 
fore continues  to  believe  that  the  reptUe-beaiing  beds  of  Elgin  are 
what  they  were  until  recently  believed  to  be — ^members  of  the  Old  Red 
Sandstone.* 

Scotland. — ^The  Old  Red  Sandstone  is  better  developed  in  Scot- 
land than  in  the  sister  kingdoms.  It  may  be  regarded  as  occurring 
there  in  two  types,  one  found  to  the  north,  the  other  to  the  south  of 
the  Grampian  range.  The  southern  type  is  marked  by  the  abundance 
of  its  interbedded  volcanic  rocks,  and  by  a  comparative  poverty  of 
oiganic  remains,  though  these  do  occur  in  sufficient  nimibers  in  a  few 
localities.  The  northern  type  is  distinguished  by  the  absence  of  inter- 
calated igneous  rocks,  and  by  a  comparative  abundance  of  fossils. 

SotUhem  type. — ^The  Old  Red  Sandstone  of  the  southern  half  of 
Scotland  is  divisible  into  three  groups  or  series. 

Upper, — ^Red  and  yellow  sandstones  and  conglomerates  of  Berwickshire, 
Haddingtonshire,  and  Fife.  Contain  HoU^tychitUy  Pom- 
phractus,  OlyptopomuSy  etc,  with  Oyclopterii  Hibemica, 

Middle, — Reddish,  green,  and  grey  sandstones,  flagstones,  and  con- 
glomerates, with  abundant  contemporaneous  volcanic  rocks  ; 
seen  in  the  south-west  of  Ayrshire,  where,  in  the  upper  pari 
of  the  series,  Pterichthys  major  has  been  found. 

Lower. — ^Red,  chocolate-coloured,  and  grey  sandstones  and  shales,  some- 
times with  enormous  intercalated  masses  of  contemporaneous 
volcanic  rocks  ;  the  Sidlaw  and  Ochil  Hills,  Pentland  Hills, 

*  The  above  abstract  of  Mr.  Bamsay's  paper  haa  been  made  fh>m  a  proof  which  he  has 
been  so  good  as  to  send  to  the  Editor  for  the  porpose,  in  anticipation  of  the  pablication  of 
the  paper  itaelf  in  an  early  namber  of  the  Quarteriy  Journal  afiht  Otological  Socitig. 
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and  tiie  tract  of  hilly  coantry  stretching  thence  by  the  head 

of  Nithsdale  into  AyTahiie — Cephalatpit  Lydli,  Pcerygotut 

Angliaut;  uumetonB  icthyoliteH  in  Foriarabire. 

Of  these  gronpe,  the  lower,  as  developed  in  Edinbui^hshiie  and 

I^n&rkehire,  passes  down  conformably  into  the  Upper  Silnrian.     The 

npper  group  shades,  in  like  manner,  conformably  into  the  overlying 

Carbonifetous  system.     Bnt  the  middle  series  is  separated  from  both 

of  the  others  by  an  nnconformability.* 

Jforthtm  type. — Three  divisions  have  been  sscertdued  to  be  trace- 
able in  the  Old  Bed  Sandstone  of  the  north  of  Scotland  by  Sir  Boderick 
Muichison,  by  whom  the  relations  of  these  rocks  were  first  fully 


Poiall  OiDup  No.  11. 

FoHll  Fiih  or  Old  Bsd  BuiiUtona. 
a.  CephnlMpK  Ljellii.  t>.  Coccortan*  decHrtem.  a  PtsileliUiTi  litni. 

de8cribed.+     So  far  as  yet  known,  they  all  pass  conformably  into 
each  other,  no  evidence  having  beni  observed  of  either  of  the  strong 

•  Sea  Q«ikle,  (jmrt.  Jnim.  Aol.  Sue,  ToL  itL  p.  S13,  and  SUhHo,  p.  MS. 
t  8»lil«SUi.rta,chip.  »i.  »nd?«arl.  JiMWTi.C«i.  Sk.  ToLiT,;  sHo  Mi  euliimniolr 
In  coiOiuictloD  mUi  FraruKir  Sadgwlck,  Tntu  Otol.  Sac.,  Id  hi.,  toL  UL  p.  lU. 
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nnoonfonnabilities  so  well  marked  in  the  soathem   part   of    the 
kingdom. 

Upper, — Light  red  and  yellow  sandstones  of  Dnnnet  Head,  and  the 
Orkney  and  Shetland  Islands^  with  plants  of  the  genus 
CalamitiU. 

Middle, — Grey  and  dark  flagstones,  occasionally  calcareous  and  bita- 
minonsy  covering  a  large  area  in  Caithness,  and  extending 
into  the  Orkney  Islands.  They  contain  an  interesting 
assemblage  of  fossil  fishes  of  the  genera  PterichthySy  CoooottetUy 
CheiracofUhtis,  IHplacanthus,  CheiroUpiSy  Diptenu,  OsteoUpiSy 
DiplopteruSy  Platygnathu$y  etc ;  also  abundant  crostacean.  cases 
of  the  genus  Eithena^  and  land-plants — conifers,  Lepda- 
dendra^  LycopodiUs,  and  ferns. 

Loiper. — Red  sandstones  and  conglomerates  lying  unconformably  upon 
the  metamorphic  rocks  of  the  Highlands.  Pteraspis  has  been 
foimd  in  these  beds  near  Lybster,  in  Caithness. 

Shropshire,  Hbrbfordshirb,  etc. — In  the  section,  Fig.  153,  and 
in  the  descriptions  of  the  Upper  Ludlow  rocks  of  Shropshire  and 
Herefordshire,  we  found  them  passing  up  into  a  series  of  red  flagstones 
and  sandstones.  In  Shropshire,  this  series  of  red  sandstones,  with 
bands  of  impure  arenaceous  limestone  (comstone)  and  occasional  beds 
of  red  conglomerate,  and  red  and  green  days  or  marls,  lies  regularly 
and  conformably  upon  the  Upper  Ludlow  rocks,  and  dips  at  a  gentle 
angle  to  the  south-east,  so  as  to  show  a  thickness  of  3700  feet,  when 
it  is  covered  by  the  Carboniferous  rocks  of  the  Clee  Hills.  It  spreadb 
from  this  district  to  the  south-west,  through  Hereford  into  Monmouth 
and  Brecknock,  where  it  acquires  an  enormous  thickness — at  least 
10,000  feet.  It  forms  mountains  nearly  3000  feet  high  (one  of  the 
Brecon  Vans  is  2860  feet),  in  which  the  beds  lie  at  a  very  gentle 
angle,  and  show  but  a  small  part  of  the  formation.  In  this  district 
comstones  seem  to  abound  more  near  the  centre  and  lower  part  of  the 
formation,  while  beds  of  conglomerate  occur  in  its  upper  part  Pro- 
ceeding into  Caermarthenshire,  its  lower  beds  are  tilted  up  into  a 
vertical  position,  along  with  the  Upper  Silurians,  and  in  the  countiy 
south  of  Uandeilo  Fawr  they  lie  as  in  the  following  section  (Fig.  154). 
The  lower  beds  are  only  to  be  separated  here  from  the  Upper  Silurian 
by  the  most  arbitrary  line  of  division,  founded  on  the  gradual  dis- 
appearance of  all  fossils  as  the  rocks  get  more  and  more  red.  TUte 
uppermost  red  rocks,  on  the  other  hand,  dip  conformably  beneath  the 
escarpment  of  the  Carboniferous  limestone,  and  some  of  the  yeUow 
sandstones  and  shales,  which  appear  among  the  uppermost  red  rocks, 
contain  fragments  of  plants. 

Between  this  upper  and  lower  part  there  is  imfortunately  flie 
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longitudinal  valley  of  Cwm  Cennen,  in  which  no  rock  is  to  be  seen  ; 
bat  on  proceeding  eastwards  to  the  head  of  that  valiey,  and  crossing 
that  of  the  Sawdde  to  the  head  waters  of  the  Usk  or  Wysg,  the  inter- 
mediate rocks  are  met  with,  and  appear  to  connect  the  top  and  bottom 


JOUTH 


NORTH 


OWM   tZHHEH 


Fig.  154. 
Section  acTOM  Cwm  Ceimen,  three  or  four  miles  S.W.  of  LUndello  Ftwr,  reduced 
sec  2,  sheet  8,  of  the  horizontal  sections  of  the  Oeological  Sorrey. 

Length  of  section,  about  three  miles. 

Carbonifbrons./*-  ^'"^'<*^®™^  ""»«»*<>'*« 

( g.  Lower  limestone  shale 

Red  and  yellow  sandstones 

A  space  of  nearly  a  mile  in  width,  in  which  no  rook  is  seen. 

Bed  sandstones  and  red  cellular  clay  rock,  and  comstones 

Laminated  red  and  grey  beds 

Laminated  grey  beds  (Tilestone) 

White  and  grey  sandstone  (fossiliferons) 

Laminated  sandstones  and  shales  (fossiliferous)   .... 


Old 
Red 

Sandstone. 

Upper 
Silurian. 


{ 


/ 

e. 
d. 
e. 


fh>m 

Feet 
600 
100 
800 

1200 
200 
450 
850 
500 


of  the  formation,  both  Hthologically  and  by  their  "  lie,"  since  their 
angle  of  dip  gradually  increases  towards  the  Silurian  country,  and 
decreases  as  gradually  towards  the  Carboniferous.  In  South  Wales, 
then,  there  is  no  apparent  break  in  the  continuity  of  the  Old  Red 
Sandstone,  though  it  is  difficult  to  explain  its  ''  position  and  lie"  with 
respect  to  the  Carboniferous  rocks  of  Pontypool,  and  the  Upper 
Silurians  N.W.  of  Usk,  without  supposing  an  unconformability  or 
separation  there  of  some  kind  between  the  upper  and  lower  part  of  the 
series. 

Fossils  are  extremely  rare  in  the  Welsh  and  English  Old  Red 
Sandstone.  Remain^  of  fish  of  the  genera  Cephalatpis  and  Pteraspis 
occasionally  occur  in  the  comstones  as  well  as  in  the  tilestone  and 
Ludlow  series  below  ;  also  the  large  crustaceans  Ihtrypterus  and 
Pt€rygottis. 

Ireland. — ^It  has  been  already  stated  that  the  representatives  of 
the  Wenlock  and  Ludlow  groups  can  be  identified  by  means  of  their 
fossils  at  the  extremity  of  the  Dingle  Promontory  in  County  Kerry. 
Now  the  rocks  are  there  so  violently  disturbed  that  it  is  almost 
impossible  to  make  out  the  details  of  their  structure  satisfactorily  ;  but 
the  main  facts,  as  exhibited  in  the  following  diagram,  are  clear  enough. 
This  diagram  is  based  on  the  data  to  be  seen  in  two  or  three  trans- 
verse sections  across  the  peninsula  and  in  the  maps  of  the  whole 
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diBtrict,  80  that  it  represents  the  trath,  although  there  is  no  one  line 
of  country  in  which  all  the  &ct8  given  in  it  are  to  be  obsenred 
together. 

The  Croghmarhin  beds,  containing  PerUamena  KnightU  and  otiier 
Ludlow  fossils,  dip  south  at  a  high  angle,  under  a  great  series  of  red 
and  green  grits  and  red  and  purple  slates,  with  bands  of  purple  con- 
glomerate, some  pebbles  in  which  contain  Llandoveiy  fossils.  This 
great  series  we  caU  the  '*  Dingle  beds."     Some  facts  connected  wiUi 


Fig.  155. 

Diagmninatio  Motion  npretentlng  the  reUtion  of  the  Din^  bedt  to  tbe  rocki  abore  aad 

below  them. 

"h.  CarboniferoQi  Umeetone. 

g.  Old  Red  Suditone,  8000  or  4000  feet. 

Unconformahilitj. 
e.  Dingle  beds,  sandstones,  sUtes,  and  oonglomeiates^  7000  to  10,000  feet 
*  Possible  unoonfonnabUitj. 
0.  Croghmarhin  beds,  with  Lndlow  fbesUs. 
h.  Ferriters  Cove  bedis,  with  Wenloch  fossils. 
Ck  Smerwick  beds,  red  and  green  and  yellow  sandstones  and  oonglomeratea,  no  foasila 

the  general  structure  of  the  district  led  the  author  to  suspect  that  thej 
are  not  quite  conformable  to  the  rocks  containing  Upper  Silurian  fossils 
below  them,  but  creep  across  them  so  as  ultimately  to  rest  on  the 
Smerwick  beds  a.  This,  however,  is  a  doubtful  point,  while  there  can 
be  no  doubt  of  their  being  above  the  Croghmarhin  beds.  The  Din^e 
beds  are  clearly  seen  in  the  difb  of  the  coast  for  several  miles,  dipping 
invariably  south  at  an  angle  of  60^  or  thereabouts,  and  striking 
through  a  succession  of  heacUands  along  the  coast  in  which  Yentry  and 
Dingle  Harbours  Ue.  Mount  Eagle  and  Brandon  Mountain,  the  latter 
of  which  is  over  3000  feet  in  height,  are  entirely  composed  of  them. 
Their  thickness  cannot  be  less  than  7000  or  8000  feet,  and  that  ia 
not  their  whole  thickness,  since  their  topmost  beds  are  nowhere  to  be 
seen.  The  uppermost  beds  which  are  seen  strike  along  the  cliffs  of  the 
north  side  of  Dingle  Bay  for  several  miles,  and  plunge  to  the  south 
into  the  water  ;  and  when,  as  the  peninsula  expands,  they  strike  into 
the  land,  they  are  very  shortly  covered  by  another  set  of  red  sand- 
stones and  conglomerates  which  rest  unconformably  on  the  edges  of  the 
Dingle  beds.  These  overlying  unconformable  beds,  which  are  un- 
doubted Old  Red  Sandstone,  appear  at  first  as  isolated  patches  on  the 
hill-tops,  or  as  borders  to  the  peninsula,  as  their  beds  rise  from  the 
sea  ;  but  as  we  proceed  towards  the  east  or  inland,  they  spread  fiarther 
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and  farther  towards  the  centre  of  the  peninsula,  and  soon  arch  over 
the  tops  of  the  hills  in  continuous  sheets,  horizontal  in  the  centre,  but 
dipping  on  either  hand  towards  the  sea,  at  higher  and  higher  angles  as 
they  near  the  coasts.  The  Dingle  and  Silurian  beds  may  be  still  seen 
beneath  them  for  a  short  distance  in  the  glens  and  valleys  which  have 
been  worn  down  through  the  unconformable  covering,  as  on  the  slope 
of  Caherconreagh  and  in  the  Denymore  Qlen  ;  but  as  the  hills 
gradually  decline  towards  the  east,  and  the  Old  Red  Sandstone  sinks 
even  a  little  faster  in  that  direction,  the  lower  rocks  become  shortly 
quite  concealed  by  it,  and  it  itself  dips  conformably,  and  at  a  gentle 
angle,  beneath  the  Carboniferous  limestone  both  to  the  north  and 
south,  and  roimd  the  eastern  termination  of  the  range,  which  is  there 
called  Slieve  Mish.  * 

We  have  here,  then,  as  in  Scotland,  two  sets  of  red  rocks,  which 
might  be  each  called  the  Old  Red  Sandstone,  since  they  both  lie  between 
the  Upper  Silurian  and  the  Carboniferous  formations,  but  yet  are  clearly 
separated  from  each  other  by  their  decided  unconformability,  the  one 
adhering  to  and  forming,  as  it  were,  the  upper  portion  of  the  Silurian 
series,  the  other  quite  separated  from  that,  and  passing  up  into  the 
base  of  the  Carboniferous  rocks. 

In  the  south  of  Ireland,  in  the  counties  of  Kilkenny,  Waterford, 
and  Cork,  we  get,  resting  unconformably  on  the  Lower  Silurian  rocks, 
a  series  of  red  sandstones  and  slates,  very  similar  to  the  upper  part  of 
the  red  series  of  South  Wales,  and,  like  it,  conforming  to,  and  graduat- 
ing up  into,  the  carboniferous  rocks  above.  In  Ireland,  indeed,  it  is 
harder  and  more  affected  by  slaty  cleavage,  so  that  the  clays  of  Wales 
take  the  form  of  clay-slates  in  Ireland.  Both  round  the  South  Welsh 
coal-field  and  in  South  Ireland,  the  uppermost  part  of  the  group  con- 
tains a  number  of  beds  of  yellow  and  greenish  sandstone  and  shale  ; 
the  yellow  sandstones  being  also  so  well  developed  in  the  north  of 
Ireland  as  to  lead  Sir  R  Griffith  to  give  the  name  of  the  ^  Tellow 
Sandstone "  to  the  upper  part  of  the  series.  Near  Goresbridge,  in 
Kilkenny,  the  group  commences  as  a  very  thin  band,  but  swells  out 
towards  the  south-west  in  Waterford  and  Cork  to  a  thickness  of  several 
thousand  feet.  At  Kiltorcan  Hill,  near  the  village  of  Ballyhale,  in 
the  parish  of  Enocktopher,  County  Kilkenny,  are  quarries  in  the  upper 
yellow  or  greenish  sandstones,  from  which  remarkably  fine  fronds  of  a 
fern,  nearly  two  feet  across,  have  been  procured— called  CyclopterU 
Hibemica  by  Professor  E.  Forbes,  but  since  included  by  Professor 
Schimper  in  his  genus  Falceopteris;  two  other  ferns,  referred  to  Sphenop- 
teriSf  have  been  described  by  Mr.  W.  H.  Baily ;  together  with  plants  of 
a  genus  called  Cyclostigmay  by  Professor  Haughton,  as  well  as  another 
and  distinct  form,  the  stems  of  which,  having  a  fluted  surfieuse,  have 

*  See  anUt  p.  888. 
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been  traced  downwards  to  its  roots  (Stigmaris-like)  and  ttpwaria  b>  iti 
terminal  branches,  with  fruit  reaembling  Lepidodcaidion.  This  last 
BpecieB  has  been  named  by  ProfeBBor  Schimper  Sagtnaria  Baibfona. 
There  occnx  also  fieb-scales  belonging  to  the  genera  QtyptoUpi*  and  Coe- 
eotteut,  and  conical  teeth,  aaaigned  to  Dtndrodvt  and  BothrioUpit  b; 


L  AdllDtitH  (Cjoloplcrii)  Hltarnlci.        i,  SacBDuis  BtUjuil  (ntiper  portion  of  IbuiA  ' 


Mr.  Baily,  together  with  a  lai^e  (reah-water  bivalve  ehell  called  J no^nti 
Julcetii  by  E.  Forbes,  and  fragments  of  Euryptaia,  PterygotuM,  and  • 
phyllopod  cnutacean  named  by  Mr,  Boily  Proricaris.*  TTie  Foaal 
Group  No.  1 3  gives  three  of  these  species. 

The  Old  Red  Sandstone  of  this  part  of  Kilkenny  ia  about  800  feet 
thick,  and  passes  quite  conformably  beneath  the  dark  shales  and  gtey 
limestones  of  the  Carboniferous  series.  The  ferns  and  the  AnoA)»  have 
been  found  also  near  Clonmel  and  near  Cork  ;  and  fr^raents  of  the 
plants  alwajs  occur  in  the  upper  part  of  the  Old  Red  f 

•  Sm  EtpluiUoD  ot  Sbect*  14T  ind  IGT  ot  Um  CmlogSiai  SHrvn  tflntamL 
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thronghont  the  south  of  Ireland.    At  Tallow  Bridge,  in  Waterford, 
yeiy  large  stems  are  exposed.* 

The  occurrence  of  these  fossils  in  beds  just  a  little  below  the  base 
of  the  undoubted  Carboniferous  limestone,  aids  us  in  fixing  the  place 
of  the  corresponding  beds  in  Scotland,  in  which  similar  fish  and  plants 
occur.  The  occurrence  of  the  large  fresh-water  shell,  so  like  the 
Anodon  of  our  own  lakes,  raises  a  strong  presumption  in  favour  of 
the  fresh-water  character  of  the  fish,  and  thus  lends  support  to  Mr. 
Godwin  Austen's  idea  that  the  Old  Red  Sandstone  is  a  fresh-water 
formation. 

Volcanic  Rockb  of  Old  Bed  Sandstone  Period  in  Britain. 

Reference  has  already  been  made  to  the  abundant  intercalation  of 
volcanic  rocks  in  the  Old  Bed  Sandstone  of  the  southern  half  of  Scot- 
land. They  occur  in  each  of  the  three  subdivisions  of  the  system,  but 
XQOst  abundantly  in  the  lower.  In  the  chains  of  the  Sidlaw,  Ochil, 
and  Pentland  HiUs,  and  the  ground  stretching  south-westwards  into 
Ayrshire,  the  lower  Old  Bed  Sandstone  consists  to  a  large  extent  of 
interbedded  porphyrites  and  tuSa,  with  ashy  sandstones  and  trappean 
conglomerates.  The  middle  Old  Bed  Sandstone  of  Ayrshire  likewise 
contains  some  thick  sheets  of  interbedded  porphyrite.  At  the  top  of 
the  upper  division  of  Berwickshire  some  trap-tuff  occurs. 

In  Ireland,  among  the  wilds  of  Kerry,  numerous  bands  of  trap-tuff 
—one  of  them  500  to  600  feet  in  thickness — are  interstratified  with 
the  ordinary  strata,  t 

No  volcanic  rocks  appear  to  have  been  yet  detected  in  association 
with  the  Old  Bed  Sandstone  of  England  or  of  Wales. 

*  See  ExpUnation  of  Sheets  176  and  177  of  the  Gtdogical  Survey  ctflrdand. 
t  Mem,  Ged.  Surv.  Ireland.    EzplanationB  to  Sheets  153  and  184. 
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CABBONXFXBOIIS  FBBIOD. 

The  peculiar  kind  of  rock  which  we  call  coal  is  not  strictlj  confined 
to  any  part  of  the  series  of  stratified  rocks,  but  occurs  here  and  there 
in  different  parts  of  it,  from  the  lowest  to  the  highest  Beds  of  good 
coal,  however,  are  much  more  abundant  in  one  particular  part  of  the 
series  than  in  any  other  part.  This  is  especially  the  case  in  Europe 
and  America.  The  group  of  rocks,  therefore  (or  system  of  formations), 
in  which  these  beds  of  coal  occur,  is  called  the  C^boniferous  system, 
and  the  period  of  time  during  which  that  system  was  being  deposited 
may  hence  be  called  the  Carboniferous  period, 

England. 

The  Carboniferous  system  as  developed  in  the  British  Islands  pre- 
sents several  distinct  types  of  formations,  which  will  be  best  understood 
^m  a  description  of  the  different  districts  in  which  they  occur. 

Soath  "Wales. — The  section  given  in  Fig.  154,  and  the  one  which 
follows  (Fig.  156)  will  explain  the  structure  of  the  great  South  Welsh 
coal-field,  and  the  neighbouring  ones  of  the  Forest  of  Dean  and  Bristol 


Fig.  156. 
DUgnunmatic  section  across  the  northeni  edge  of  the  ooal-fleld  of  S.  Wales. 
This  is  deduced  (omitting  the  flexures  of  the  beds  and  other  details)  ftt>m  Sheet  8  of  the 
horizontal  sections  of  the  Geological  Snrvey,  drawn  across  the  centre  kX.  the  field  hetveon 
Swansea  and  Llandeilo  Fawr,  by  Sir  W.  Logan.  p^^ 

d.  CkMd-measnres,  with  60  beds  of  coal  Tarying  firom  6  inches  to  6  fset  9600 

c  Farewell  rock  (Millstone  grit) 400 

5.  Carbonlferons  limestone 000 

a.  Old  Red  Sandstone. 

In  Fig.  156  no  notice  is  taken  of  the  shaly  base  of  the  Cax^ 
boniferous  limestone,  which  nevertheless  exists  as  drawn  by  Professor 
Phillips  in  section  Fig.  154,  and  is  a  constant  member  of  the  series 
throughout  the  district,  as  it  is  over  the  south  of  Ireland.*     The 

*  See  also  sections  in  Jtfm.  Gcoi.  Surr^,  voL  L 
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general  description  of  the  formation  in  this  district  may  be  given  as 
follows,  assigning  the  maximum  thickness  to  each  group  : — 

Feet. 

4.  Ck>al-measTires,  Upper  series 8400 

,,  Pennant  Grit  series     ....         8246 

f.  Lower  series      ....      450  to    850 

8.  Millstone  Grit,  or  Farewell  rock         ....         1000 

2.  Carboniferous  Limestone  .....      500  to  1500 

1.  Lower  Limestone  Shale 200 

Old  Red  Sandstone. 

1.  The  Imper  Limestone  Shale  consists  of  dark  earthy  shales,  occar 
sionally  interstratified  with  yellowish  sandstones  below,  and  always  with- 
thin  flaggy  limestones  in  its  upper  part.  It  seems,  therefore,  to  graduate 
downwards  into  the  top  of  the  Old  Red  Sandstone,  as  well  as  upwards 
into  the  Carboniferous  limestone.  According  to  Mr.  Salter,  it  contains 
precisely  the  same  fossils  as  are  found  in  it  in  Ireland. 

2.  CarboniferoTis  Limestone. — A  series  of  compact  limestones,  thick 
and  thin  bedded,  of  various  shades  of  grey  and  red,  sometimes,  as  near 
Bristol,  interstratified  with  brown,  grey,  and  red  shales  below,  and  with 
shales  and  sandstones  (often  red)  in  the  upper  portion.  Thickness  500 
to  1500  feet. 

3.  Millstone  Grit  or  Farewell  rock. — A  series  of  sandstones,  hard, 
quartzose,  white  or  grey,  and  near  Bristol  red.  Maximum  thickness 
about  1000  feet 

4.  Coal-measures. — An  enormous  series  of  alternations  of  many 
hundred  beds  of  shales,  sandstones,  and  coals,  the  latter  varying  from 
one  inch  to  seven  or  eight  feet  in  thickness,  twenty-five  of  them  being 
more  than  two  feet.  The  Pennant  sandstones  belong  typically  to  the 
South  Welsh  basin.*  They  occupy  the  central  and  lower  portions  of 
the  series,  and  contain  15  coal-seams.  The  coal  under  the  western 
portion  of  the  basin  is  anthracitic ;  under  the  central,  semi-bituminous, 
producing  the  valuable  "  steam  coal  **  of  commerce  ;  and  under  the 
eastern  portion,  bituminous.  These  changes  take  place  gradually  over 
the  whole  area.  The  total  thickness  of  the  whole  Coal-measure  group 
is  not  less  than  7000  feet,  and  is  believed  in  some  places  to  be  even  as 
much  as  12,000  feett 

Near  Bristol  the  Coal-measures  are  thinner,  and  are  divisible  into 
three  sub-groups,  having  a  central  band  of  hard   sandstones  called 

^^^^^  Feet. 

e.  Upper  Coal-measnres,  with  10  coals  ....         1800 

b.  Pennant  series,  with  6  coals 1725 

o.  Lower  Coal-measures,  with  36  coals  ....         1566 

Total  Coal-measnre  series         ....         6090 


*  Bee  Logan,  GtoL  Trans.,  2d  series,  toL  ri.  p.  491.  f  Mtm.  GwL  Swrve^,  Tol  L  p.  203. 
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This  central  band  of  Bandstones  ib  traceable  also  in  South  Wales,  by 
means  of  a  hard  quartzose  sandstone  called  Ck)ckBhoot  rock.  The 
structure  of  the  lower  groups  is  also  peculiar ;  a  section  of  them  is 
given  in  detail  from  the  measurements  of  Mr.  D.  Williams.*  If  we 
take  the  first  ten  divisions  of  that  section  for  Millstone  grit,  and  put 
the  others  into  groups,  they  would  be  as  follows : — 

Ft  In. 

Millstone  Grit,  or  Toredale  Beds  (psrtly  red  sandstone)  975  9 
Upper  Limestone  (the  first  870  feet  containing  many  red 

sandstones  interstratified  with  the  limestones)         .         .  576  0 

Black  and  brown  argillaceons  limestones  and  shales  .        .  477  0 

Lower  LiraeRtone 766  4 

Lower  Limestone  shale 41 1  0 

Yellow  sandstone  series 293  10 

8499  11 


In  the  Forest  of  Dean  coalfield,  the  thicknesses  given  above   are 
diminished  to  about  one-third,  or 

Feet 
Coal-measures,  with  81  coals,  generally  thin  .  .        2400 

Millstone  Grit 455 

Carboniferous  Limestone 480 

Lower  Limestone  shale  f 165 

Midland  Counties. — In  the  centre  of  England  we  get  the  coalfields 
of  Leicestershire,  Warwickshire,  South  Staffordshire,  and  Ooalbrokedale, 
with  other  smaller  ones  near  Shrewsbuiy,  which  differ  from  those  both 
north  and  south  of  them  in  being  defective  at  their  base.  They  con- 
sist principally  of  Coal-measures  only,  resting  on  Cambrian  or  Silurian 
rocks.  Carboniferous  Limestone  sets  in  again  at  the  northern  sides  of 
the  Leicestershire  and  Coalbrokedale  coalfields,  and  the  Old  Red  Sand- 
stone sets  in  to  the  south  of  the  latter,  and  underlies  the  coalfield  of 
the  Forest  of  Wyre,  letting  in  a  thin  portion  of  Carboniferous  Lime- 
stone about  the  small  coalfield  of  the  Brown  Clee  Hill ;  but  the  Coal- 
measures  overlap  these  as  they  die  out  from  the  north  and  the  aouth 
respectively,  and  repose  indiscriminately  on  any  lower  rocks  there 
may  be. 

It  seems  as  if  a  narrow  rocky  island  or  chain  of  islands  had 
stretched  east  and  west  from  North  Wales  and  Shropshire,  across  the 
centre  of  what  is  now  England,  during  the  early  pcut  of  the  Carbon- 
iferous period,  so  that  while  the  Carboniferous  Limestone  was  being 
formed  in  the  seas  to  the  north  and  south,  it  died  out  as  it  approached 
this  ridge  of  dry  land.  South  of  the  Dudley  coalfield  this  ridge  seems 
to  have  formed  the  margin  of  the  Coal-measures  themselves,  as  it  has 
been  recently  proved  that  the  Main  Coal  terminates  in  the  direction  of 

.    •  Men.  OtU.  Survejf,  toL  L  f  Ibid.  pp.  1»,  808,  906w 
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the  dent  and  Lickej  Hills,  against  the  Silurian  rocks.  At  the  still 
earlier  period  of  the  deposition  of  the  Old  Red  Sandstone,  this  barrier 
seems  to  have  been  wider  and  more  persistent,  and  to  have  extended 
through  what  is  now  Ireland,  since  the  Old  Red  Sandstone  dies  away 
as  we  proceed  from  the  south  to  the  centre  of  both  countries,  and  does 
not  again  appear,  except  as  detached  patches,  until  we  reach  the  centre 
of  Scotland.  During  the  latter  part  of  the  Carboniferous  period,  how- 
ever, the  barrier  was  depressed,  and  the  water  in  which  the  Coal- 
measures  were  deposited  extended  over  it,  so  that  this  upper  part  of 
the  formation  was  spread  continuously  across  from  the  regions  of  the 
south  to  those  of  the  north.* 

The  North  of  England  and  "Wales. — ^To  the  north  of  the  district 
just  mentioned,  the  Carboniferous  formation  is  magnificently  developed. 
In  North  Wales  and  Cumberland,  the  base  of  the  series  may  be  seen 
resting  chiefly  on  Upper  and  Lower  Silurian  rocks,  with  scraps  and 
patches  of  Old  Red  Sandstone  appearing  here  and  there  in  the  hollows 
of  those  rocks  below  the  limestone.  The  Carboniferous  limestone  is 
generally  about  1000  or  1500  feet  in  thickness,  sometimes  much  more, 
chiefly  pure  compact  limestone,  but  taking  in  here  and  there  beds  of 
black  shale.  It  is  covered  by  beds  of  shfde,  with  thick  beds  of  sand- 
stone graduating  up  into  a  series  of  sandstones  and  shales,  containing 
beds  of  coaL  These  form  the  groups  known  as  the  Yoredale  Beds, 
Millstone  Grit,  and  the  Coal-measures. 

Pennine  Chain,  from  Derbyshire  to  the  Cheviots. — ^There  .rises 
gradually  from  the  central  plains  of  England  a  broad  ridge  of  wild 
moorlands,  the  summits  of  which  are  often  2000  feet  above  the  sea. 
This  is  formed  of  a  broad  anticlinal  curve,  a  good  deal  broken  by  large 
fanlts  along  its  north-west  flank  towards  Westmoreland  and  Cumber- 
land, and  along  its  western  margin  into  Staffordshire.  On  the  opposite 
side,  throughout  Yorkshire  and  Derbyshire,  the  beds  are  much  less  dis- 
turbed, and  generally  dip  at  a  moderate  angle  beneath  the  coal-measures. 

In  Derbyshire  the  Carboniferous  limestone  rises  to  the  surface  about 
the  central  portion  of  the  anticlinal  curve,  and  is  deeply  cut  into  by 
picturesque  valleys,  though  the  base  of  the  series  is  nowhere  exposed. 
As  the  ridge  sinks  towards  the  south,  the  beds  are  overlapped  and  con- 
cealed by  the  New  Red  Sandstone,  but  on  each  flank  of  the  ridge  a 
section  is  shown  more  or  less  closely  identical  with  that  given  in  Fig.  167. 
Mr.  E.  Hull  has  recently  shown  that  the  north  and  south  axis  of  this  range 
is  referable  to  the  period  intervening  between  the  Permian  and  Trias, 
while  the  east  and  west  flexures  are  referable  to  the  period  between  the 
close  of  the  Carboniferous  and  commencement  of  the  Permian  periods,  t 

*  See  anU,  p.  S36. 

t  "  On  tlie  Relative  Ages  of  Physical  Features,  etc."    Qvart.  Joum,  GecH.  Soc  London^ 
voL  zzir.  p.  828. 
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The  Coal-measures  mentioned  in  the  following  section  extend  from 
Nottingham  to  Leeds,  on  the  east  side  of  the  anticlinal,  while  on  Ac 
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Fig.  157. 
DiAgranmatlc  section  across  a  part  of  the  Derbyshire  coalfield. 
Reduced  from  Sheet  00  of  the  Horizontal  Sections  of  the  Geological  Surrey  (drawn  by 
W.  T.  Aveline  and  E.  HnllX  omitting  flexures  and  faults. 
Permian   (/.  Magneaian  Limestone. 
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west  side  they  form  the  coalfields  of  North  Staffordshire,  Cheshire,  and 
Lancashire.  In  these  coalfields  there  is  a  much  greater  thickness  of 
Coal-measures,  and  also  of  Millstone  grit  and  Upper  Limestone  shale, 
than  on  the  eastern  side.  Mr.  Hull  gives  the  following  as  the  section 
of  North  Staffordshire  in  the  Horizontal  Sections  of  the  Greological 
Survey,  Sheets  42  and  55  : —  p^^ 

Permian  rocks 600 

4.  Coal-measures  (in  three  subdivisions)         .  .         5000 

8.  Millstone  Grit 4000 

2.  Yoredale  Rocks 2800 

1.  Carboniferous  Limestone  .         .         .         more  than  4000 

15,800 

The  Lancashire  district  is  stated  by  Mr.  Hull  to  show  the  following 
beds :—  p^ 

New  Red  Sandstone 4000 

Permian      .........  500 

8.  C!oaI-mea8nres  (in  three  sabdiTisions)  .         7200 

2.  Millstone  Grit,  from  3500  to  ....         5500 
1.  Yoredale  Rocks,  from  2000  to  ....         4500 

However  extraordinaiy  the  thickness  of  the  Lower  Carboniferoos 
beds  in  this  district  may  appear,  there  is  no  doubt  of  the  fact,  as  the 
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results  have  been  confirmed  by  many  independent  sections  measured 
across  the  Pendle  range  of  hills,  where  the  beds  rise  to  the  northwi 
for  many  miles  with  wonderful  regularity,  and  at  high  angles.  In-^f^th^ 
the  Carboniferous  series  overlying  the  Limestone  attains  in  this  part  of 
England  a  development  nowhere  surpassed ;  and  commences  to  thin 
away  towards  the  south-east  into  Leicestershire  and  Warwickshire  ;  so 
that  a  combined  series  of  beds  which  originally  attained  in  North 
Lancashire  (near  Burnley)  a  thickness  of  more  th^m  18,000  feet,  in  the 
former  counties  is  represented  by  al)out  3000  feet  oFstrata.* 

At  Dukinfield,  near  Manchester,  a  single  shaft,  sunk  by  Mr.  Astley 
at  a  cost  of  ^100,000,  has  a  depth  of  2151  feet,  passing  through  30 
different  beds  of  coal,  having  an  aggregate  thickness  of  105  feet 
Twenty-two  of  these  coals  are  of  workable  quality  and  thickness.t 
Rose  Bridge  Colliery,  near  Wigan,  is  even  deeper. 

In  Nottinghamshire,  the  Duke  of  Newcastle  has  lately  sunk  a  deep 
shaft  through  the  Permian  rocks  into  the  Coal-measures,  of  which  a 
detailed  account  is  given  by  Messrs.  Lancaster  and  Wright  in  the  Qtiar- 
terly  Journal  of  the  Geological  Society,  Lvndony  voL  xvL  p.  138.  After 
passing  through  about  200  feet  of  Permian  rocks,  they  sank  through 
222  sets  of  beds  of  sandstone,  shale,  and  coal,  Ti^ith  a  total  thickness  of 
1 300  feet,  down  to  the  Top  Hard  or  Bamsley  Coal,  which  was  not 
quite  4  feet  thick,  and  then  sank  and  bored  below  that  to  a  total  depth 
of  1642  feet  from  the  surface.  The  "  Top  Hard"  of  the  Derbyshire 
coalfield  is  believed  to  be  the  same  bed  as  the  ''  Barnsley  coal"  of  the 
Yorkshire  coalfield,  and  it  has  a  thickness  of  upwards  of  2000  feet  of 
Coal-measures  below  it  in  each  place. 

Millstone  Orit  and  Yoredale  Series  of  North  Staffordshire,  Derby- 
shire, Lancashire,  and  Yorkshire. — It  has  recently  been  found,  by  the 
officers  of  the  Qeological  Survey,  that  these  beds,  which  are  interposed 
between  the  Lower  Coal-measures  and  the  Carboniferous  Limestone,  are 
divisible  into  the  following  subdivisions,  which  have  been  traced  over 
a  large  tract  of  the  Pennine  chain  and  adjoining  districts. 

{  First  Grit  or  Rongh  Rock. 

Shales. 

Second  Grit,  or  Haslingden  Flags. 

Shales. 

Third  Grit  (often  in  two  beds). 

Shales. 
,  Fourth,  or  Kinder  Scout  Grit  (often  in  two  or  more  beds). 

•  <*  On  the  thickness  of  the  Carboniferous  Bocks  of  the  Pendle  Range,  etc,"  by  E.  Hutt. 
0iart  Jottffi.  QttJL  Soc,  vol.  zxiv.  p.  319. 

t  The  lowest  coal  reached  is  called  the  "Black  mine,**  and  is  4  ft.  8  in.  thick,  and  it  was 
calculated  as  able  to  supply  600  tons  daUy  for  thirty  years,  the  estate  being  ISSS  acres. 
The  shaft  is  12  ft.  6  in.  diameter,  but  expands  near  tbt  bottom  to  19  ft.  8  in.  It  is  lined 
with  bricks  9  in.  thick,  with  rings  of  stone  at  iutenrala  of  8  yards.— Jinut,  Slat  Jviv  1868. 
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(Shales. 
Yoredale  Grit    ' 
Shales. 
Yoredale  Sandstone. 
Black  Shales  with  thin  Limestonfls. 

As  we  trace  the  Millstone  Grit  and  Upper  Limestone  shale  from  tLe 
neighbourhood  of  Matlock  or  Buxton  to  the  north,  they  each  seem  to 
become  more  complicated,  and  the  upper  part  of  the  Carboniferous 
Limestone,  both  to  the  west  and  north,  becomes  split  up  by  beds  of 
shale,  so  that  in  Yorkshire  there  is  a  great  series  of  alternations  below 
the  Coal-measures,  consisting  of  shales  and  sandstones  with  thin  coals 
in  the  part  called  Millstone  Orit ;  and  shales  and  sandstones  with  thin 
limestones  in  the  part  called  Upper  Limestone  Shale.  In  Yorkshire  this 
Upper  Limestone  shale  and  top  of  the  Carboniferous  limestone  is  called 
tbe  Yoredale  series  by  Professor  Phillips,  and  the  thick  limestones 
below  are  called  the  Scaur  Limestone. 

The  lie  of  the  rocks  too  becomes  more  irregular  a  little  north  of 

Leeds,  the  anticlinal  ridge  expanding,  and  its  flanks  being  thrown  off 

more  irregularly,  so  as  not  to  bring  in  the  Coal-measures  over  them, 

(except  in  one  small  p^tch)  on  either  the  east  or  west  for  a  space  of  sixty 

miles.*    On  the  west  side,  indeed,  the  great  Cross  Fell  or  Pennine  and 

Craven  faults,  and  other  large  dislocations,  utterly  disturb  the  regularity 

of  the  lie  of  the  rocks  up  to  the  Cheviot  Hills  ;  but  towards  the  east 

they  dip  gently  beneath  the  large  Durham  and  Newcastle  coalfield, 

while  the  outlying  coalfield  of  Whitehaven  comes  in  on  the  coast  of 

Cumberland  on  the  west     A  section  drawn  across  the  country  from 

the  valley  of  the  Eden  to  the  mouth  of  the  Tyne,  would  exhibit  the 

following  series  of  rocks  : — 

Feet. 

4.  Coal-measures more  than  2000 

8.  Millstone  Grit 414 

2.  Yoredale  series 540 

1.  Great  or  Scaur  Limestone  group  more  than  1119 

1.  The  Great  or  Scaur  limestone,  as  described  by  Foster  in  Teesdale, 
consists  of  ten  sets  of  beds  of  limestone  from  7  to  1 30  feet  in  thickn^s, 
separated  by  as  many  sets  of  shale  and  sandstone  varying  from  1 2  to 
240  feet  thick,  the  total  thickness  of  the  whole  being  1119  feet,  with 
the  bottom  not  seen.t 

2.  The  Yoredale  series  contains  nine  sets  of  limestone  from  2  to 
30  feet  thick,  with  as  many  alternations  of  shale  and  sandstone,  from 
1 7  to  70  feet  thick,  with  occasional  beds  of  coal,  the  whole  being  540 
feet  thick. 

*  North  of  Leeds  the  Carboniferous  rocks  are  thrown  into  great  folds,  ranging  neaxty 
B.  and  W.    See  Hull.  Quart.  Jmim.  GeoL  Soc.,  vol.  xxiv.  p.  828. 
t  Phillips'  Manual  o/Otoiogy,  p.  163. 
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3.  The  Millstone  grit  here  contains  one  central  band  of  limestone, 
called  Feltop  limestone,  between  alternations  of  sandstone,  shale  with 
ironstone,  and  coal,  having  a  total  of  414  feet. 

4.  The  Coal-measnres  of  the  Tyne  district  (Newcastle,  etc)  are 
abont  2000  feet  in  thickness,  containing  abont  600  separate  beds  (or 
measures),  and  a  total  of  abont  60  feet  of  coaL  The  coal  lies  in  many 
beds,  two  of  which  are  6  feet  in  thickness,  and  three  others  3  feet  or 
more.  A  little  farther  north,  about  Berwick-on* Tweed,  good  beds  of 
coal  are  worked  down  near  the  very  base  of  the  series  in  the  group 
described  above  as  the  Qreat  Scaur  Limestone  group. 

Scotland. 

The  Carboniferous  system  is  well  developed  along  the  great  mid- 
land valley  of  Scotland  from  the  shores  of  the  Firth  of  Clyde  to  the 
mouth  of  the  Firth  of  Forth.  The  lower  part  of  the  system  exhibits 
a  still  farther  change  in  the  same  direction  as  that  which  takes  place  in 
the  north  of  England.  Instead  of  a  great  base  of  massive  limestones, 
the  lower  formations  consist  mainly  of  sandstones  and  shales,  with 
comparatively  few  and  thin  limestone  bands.  We  may  infer  that  the 
early  Carboniferous  land  of  our  area  lay  somewhere  to  the  north,  while 
over  the  greater  part  of  central  and  northern  England  there  was  sea. 
Later  on  in  the  Carboniferous  period,  however,  when  the  Coal- 
measures  were  deposited,  a  greater  uniformity  of  conditions  seems  to 
have  obtained,  for,  except  in  diminished  thickness,  the  Scottish  Coal- 
measures  do  not  differ  markedly  from  those  of  the  sister  kingdom. 

Recent  examinations  by  the  Geological  Survey  have  shown  that  the 
Carboniferous  rocks  of  Scotland  are  capable  of  convenient  grouping  into 
the  following  subdivisions  : — 

!/.  Red  sandstones  and  clays, 
e.  White  and  grey  sandstones,  shales,  fireclays,  coals,  and 
ironstones. 
3.  Moor-rock  or      \<L  White  and  grey  sandstones  and  coarse  grits,  with  some 

Millstone  Grit.      )  thin  coal  seams. 

2.  Carboniferous     ( c.  Sandstones,    shales,    coals,    ironstones,    and   bands    of 
Limestone  Series.  (  Encriuite  limestone. 

1    Cal  'f  i  ^'  ^^1^  ^^^  ^^y  sandstones,  black  and  blue  shales,  cement- 

'sandato*"'^  *      1  stones,  cyprid-limestones,  and  occasional  coal-seams, 

oan    lone  series.  |  ^  j^  ^^^  purple  sandstones,  conglomerates  and  comstones. 

1.  OaloiferouB  Sandstone  Series. — This  basement  series  consists  of 
two  groups.  The  lower  (a)  is  formed  of  dull  red,  reddish  grey  and 
purple  sandstones,  sandy  shales,  conglomerates,  and  occasional  seams  of 
comstone.  Lepidodendron,  Catamites,  and  other  plants,  are  occasionally 
found  in  these  beds.  In  the  counties  of  Edinburgh,  Lanark,  Peebles, 
Ayrshire,  Renfrewshire,  and  Dumbartonshire,  these  red  sandstones  are 
seen  resting  unconformably  on  middle  and  lower  Old  Red  Sandstone 
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and  Silurian  rocks.  In  Haddingtonshire  and  Berwickshire  th^  are 
less  developed,  hut  there  they  pass  down  conformahlj  into  upper  Old 
Red  Sandstone,  from  which  they  are  on  the  whole  distinguished  by  a 
difference  of  tint  The  upper  group  (b)  is  less  persistent,  or  at  least 
subject  to  much  more  decided  local  variations,  in  some  places  being 
entirely  absent,  in  others  swelling  out  to  a  thickness  of  several  hundred 
feet  It  consists  of  white  and  grey  sandstones,  blue  and  black  shales, 
(some  of  which  are  highly  bituminous,  and  are  now  extensively  used 
for  making  parafl&n  oil),  limestones  full  of  cyprids,  comstones,  and  a 
few  occasional  coal-seams.  One  of  the  limestones  is  the  well-known 
seam  of  Burdie  House,  near  Edinburgh,  from  which  MegalichtAyt  and 
other  Carboniferous  fishes  were  first  described.* 

2.  Oarboniferous  Iiimestone  Series. — This  division  of  the  system 
usually  consists  of  two  or  three  lower  limestone  bands  associated  with 
sandstones,  shales,  and  coal-seams,  a  thick  middle  group  of  coal-bear- 
ing strata,  with  some  valuable  clay  ironstones,  but  without  limestones, 
and  an  upper  group  containing  two  or  three  comparatively  thin  bat 
widely  spread  bands  of  limestone.  The  limestones  are  all  marine, 
being  full  of  encrinites,  corals,  brachiopods,  etc  They  usually  do  not 
exceed  ten  or  twelve  feet  in  the  thickness  of  each  band,  but  sometimes 
swell  out  locally  to  three  or  four  times  that  thickness.  One  of  the 
lower  limestones  is  frequently  found  resting  directly  on  a  seam  of 
coal. 

In  the  Carboniferous  limestone  series  of  Linlithgowshire  and  Fife 
there  is  an  abimdant  intermingling  of  contemporaneous  volcanic  rocks 
which  continued  to  be  thrown  out  in  that  region  intermittently  from 
the  time  of  the  deposition  of  the  Calciferous  sandstones,  onward  throng 
nearly  the  whole  of  the  period  occupied  by  the  accumulation  of  the 
Carboniferous  limestone  series.f 

8.  Millstone  Grit. — In  Edinbuighshire,  Fife,  and  Lanarkshire,  there 
occurs  a  thick  series  of  coarse  sandstones,  locally  known  in  some  places 
as  moor-rock,  lying  above  the  Carboniferous  limestone  series  and  below 
the  Upper  coal-bearing  series  or  true  coal-measures.  These  sandstones 
are  regarded  as  probably  representing  the  English  Millstone  grit  In 
Ayrshire  they  are  so  diminished  as  not  to  be  separable  into  any 
definite  group,  the  Carboniferous  limestone  series  and  coal-measures 
appearing  to  shade  into  each  other. 

4.  Ooal-measures. — Above  the  Moor-rock,  and  conformably  interlaced 
with  it,  comes  an  upper  series  of  strata,  divisible  into  two  groups.     Of 

*  See  Hibl)ert  Trans.  Roy.  Soe.  Bdin,,  vol  xiU.  For  ftirther  infomuitkm  regaidb^ 
the  Calciferous  sandstone  series,  see  If acLaren's  Otology  qf  Fife  and  tht  Lothian*.  Also  tke 
Gtoloffical  Survey  Metnoiri,  Explanation  of  Sheets  14, 15,  82,  83.  and  84. 

t  For  information  regarding  the  Scottish  Carboniferous  limestone  series,  consult  the 
Otology  of  the  Neighbourhood  of  Edinburgh  {Memoirt  of  the  Oeciogical  Survey) ;  MacLaxvo'i 
Fife  and  the  Lothiam;  J.  Young  on  Campsie  Limestones,  in  IVaM.  GtoL  Soe.  GUugo/m^  toL  L 
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these  the  lower  (e)  consists  of  grey  and  white  sandstones,  shales,  and 
fireclays,  with  coal-seams  and  clay-ironstones  ;  the  upper  (/)  is  made  up 
chiefly  of  red  sandstones  and  clays  without  coal-seams.  This  upper 
group  in  Ayrshire  contains  a  seam  of  limestone  with  Spirorbu, 
Although  this  red  sandstone  series  appears  in  most  places  as  if  con- 
formably overlying  the  coal-bearing  measures  below,  in  parts  of 
Ayrshire  it  overlaps  these  so  as  to  rest  directly  upon  a  low  part  of  the 
Carboniferous  limestone  series.* 

Ireland. 

In  no  European  country  is  the  lower  portion  of  the  Carboniferous 
formation  better  developed  or  more  clearly  seen  than  in  Ireland. 

OarboniferouB  Slate  and  Ctoomhola  Grits. — ^In  the  preceding  chapter 
mention  was  made  of  the  Old  Red  Sandstone  which  sets  in,  in  the 
counties  of  Kilkenny  and  Wexford,  as  a  very  thin  deposit,  but  swells 
rapidly  out  in  Waterford,  and  acquires  enormous  bulk  in  Cork  and 
Kerry.  In  the  two  latter  counties  the  Old  Red  Sandstone  consists  of  a 
vast  series  of  green,  brown,  and  purple  gritstones,  interstratified  with 
green  and  purple  slates.  This  series  is  covered  quite  conformably,  as 
may  be  seen  in  the  country  round  Bantry  Bay,  and  thence  by  Skib- 
bereen  to  Kinsale  and  Cork  Harbour,  by  other  grits  and  slates,  which 
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Pig.  168. 

Section  about  2^  miles  long,  from  S.  to  N.  across  the  hills  on  the  east  side  of  Glengariff 

Harbour,  and  between  it  and  the  Qlen  of  Coomhola. 

&>.  Black  slate  with  calcareous  bands,  full  of  fossils. 

5*.  Black  and  grey  slate,  with  few  fossils. 

&>.  Grey  and  greenish  grey  grits,  with  interrtratifled  black  and  grey 
slates,  with  marine  shells  and  some  plants  (Coomhola  grits). 

a*.  Grey  and  greenish-grey  grits,  interstratlfled  vrith  green,  liver- 
coloured,  and  purple  slates,  containing  fragments  of  plants, 
the  beds  getting  redder  below,  and  plants  disappearing.  Oom- 
stones  occasionally. 

a*.  Green  and  purple  masdve  grits  (Glengariff  gritsX  and  thin  bands 
of  purple  slate.    Comstones  occasionally. 


Carboniferous 
Shite. 


Old  Red 
Sandstone. 


differ  from  those  below  chiefly  in  the  entire  absence  of  red  colour,  and 
the  predominance  of  grey  passing  into  black.     This  upper  series  has 

•  In  addition  to  the  papers  already  cited,  further  Information  on  the  Scottish  Carboni- 
ferous rocks  may  be  obtained  flrom  Mr.  Ralph  Moore's  Section  <^  tkt  Lanarktkin  Coalfield. 
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been  odled  by  Sir  R.  Qriffith,  Catboniferong  (date.  In  Baiiti7  Baf 
then  u  not  much  change  in  the  appe&r&nce  of  the  sandctOQes  hkI  grit- 
stones about  the  junction  of  the  Old  Bed  Sandstone  and  CarbonifeniDi 
slate,  so  that  the  boundary  between  them  can  only  be  at  first  determined 
hj  noting  the  change  in  the  coloni  of  the  alat«  bands  that  lie  between 
thegrita. 

Niunerons  Bectiona  might  be  drawn  in  manj  parts  of  the  conntj 
Cork  to  show  the  relations  of  these  rocks,  but  the  one  in  Fig.  ISe  ii 
taken  iii  a  part  of  the  district  frequently  visited,  and  interesting  for  ita 
picturesque  beauty  as  well  as  its  geoli^y.  It  explains  the  lie  and 
position  of  the  beds  on  the  east  side  of  Olengariff  Harbour,  in  Bantiy 
Bay.  About  Glengariff  and  atxiut  Bear  Island,  and  thence  to  Dnctey 
Island,  and  also  along  the  south  side  of  Kenmare  Bay,  (rom  Kilmacallo^ 
to  Killcatheiine,  these  beds  are  admirably  shown.  The  gronpe  called 
!'  and  6*  in  the  section  Fig.  188  cannot  be  less  than  2000  feet,  and  the 
group  called  f  (the  Coomhola  grit  group)  must  be  at  least  3000  feet 
thick,  BO  that  we  may  state  the  Carboniferous  slate  of  County  CoA  to 
have  a  maximum  thickness  of  at  least  6000  feet. 


FduU  Oruup  Ho.  14.— CuboulTeroiu  SlUa  PouUfc 
1.  SpliUen  cuipldnls.  d.  Ilodlola  If  utadunL 

b.  RhyncboncUa  plaarodini.  e.  CacDlltH  Hirdli«U. 

e.  Avitmla  DuniionlflDBlB.  /  CurtoaottiB  Bltgr* 
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Ckaraeteristie  FotsiU. — The  calcareous  bands  called  6*  have  nnmer- 
ons  fossils^  among  whicli  are  the  following  : — 


Aetitumoa, 

Polyzoa    . 
Brachiqpoda 


-CyatbophyUom  (Petraia)  plenri' 

radialis 
Fenestella  antiqna 
Athyris  planosnlcata 

lamelloea    . 

StreptorhynchuB  crenistria 
Orthis  Michelini    . 

lesupinata  . 

Prodncta  scabricula 
Rhjmchonella  pleurodon . 
Spirifera  cnspidata 
— ^—  disjuDcta  (VerneuiUii) 

lineata 

— —  striata 


Coneki/era 


Avicnla  Damnoniensis 
Modiola  Macadami 
Nncula,  species, 

Eehinodermata   ActinocriniiB  . 

Archsocidaris  (plates  of) 
Platycrinus    . 
Poteriocrinns 
Rhodocrmns  . 

Crustacea  , 


Phia  Pal.  foss.,  t  2. 

I  Phill.  Pal.  fo68.,  t  12. 

PhiU.  G.  Y.,  t  10,  fig.  15. 

PhilL  G.  Y.,  t.  10,  fig.  21. 

PhilL  G.  Y.,  1 9,  figs.  5  and  6. 

PhlU.  G.  Y.,t.  11,  fig.  8. 

Ihid.  fig.  1. 

Ibid,  t  8,  fig.  2. 

Foss.  gr.  14,  h, 

Foss.  gr.  14,  a. 

Phill.  Pal.  foss.,  t.  29  and  80. 

PhilL  G.  Y.,  1. 10,  figs.  17,  20. 

Foss.  gr.  16,  e. 

Foss.  gr.  14,  c, 

Foss.  gr.  14,  d 

PhiU.  G.  Y. 
M*Coy.  Garb.  foss. 
Foss.  gr.  18,  a. 
PhiU.  G.  Y. 

Ibid. 
Foss.  gr.  18,  d» 


PhUUpsia  pustnlata 

Leperditia  sub-recta  and  L.  Scotoburdigalensis. 

In  the  group  h^,  or  the  Coomhola  Grit,  part  of  the  Carboniferous 
Slate,  the  following  fossils  have  been  found  : — 

Stem  of  "Knorria"   (probably  portions  of  Cycloetigma)   and 

other  plants  identical  with  those  in  the  Old  Red  Sandstone 

below. 
Almost  aU  those  mentioned  above,  the  Rhynchonella  pleurodon 

and  Spirifera  cuspidata  and  disjuncta  most  abundantly,  with 

the  addition  of  a  laige  Lingula. 


Plants. 


Brachiopoda 


Ccnchifera 


Pterqpoda . 


Cephalopoda 


Avicula  Damnoniensis 
Aviculopecten,  species 
CncuUaea  Hardingii 
■  trapezium 

Curtonotus  elegans 
Dolabra  securiformis 
Sanguinolites  plicatus 
Modiola  Macadami 
Myalina,  species, 
MytUus,  species. 
NucuIa,  large  species. 
fieUerophon  striatus 


Foss.  gr.  14,  c. 
M*Coy,  Garb.  foss. 
Foss.  gr.  14,  e. 
PhiU.  Pal.  foss.,  t.  19. 
Foss.  gr.  14,/. 
M*Coy,  Garb,  foss.,  t.  11. 
Ilfid.,  t  10. 

Foss.  gr.  14,  d. 


PhU.  Pal.  foss.,  t  40. 


rounded  species,  sharply  keeled  species,  and  trilobed 


species. 
Orthoceras,  species.* 


*  See  "  Notes  on  Classification  of  Dev.  and  Car.  Rocks  of  8.  of  Ireland,  by  J.  W.  Salter 
and  J.  B.  Jokes,  JoMrm.  Dvh.  GtU.  8oc,  toL  viL  ;  and  Explanation  of  Sheets  102,  197,  and 
\9S,  Oeologlcal  Surrey  of  Ireland. 
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This  Coomhola  grit  series  is  clearly  identictl  with  the  Msrwood  Sandstone 
group  of  Devonshire  (t&.),  but  in  the  south  of  Ireland  its  relation  to  a  ratt 
thickness  of  Old  Red  Sandstone  below  it,  places  it,  in  accordance  with  the 
palseontological  evidence,  as  clearly  in  the  Carboniferous  group,  and  forming 
the  base  of  the  great  Carboniferous  series.  It  is  remarkable  that  the  boandary 
between  it  and  the  Old  Red  Sandstone  below,  as  drawn  from  lithological 
characters  and  chiefly  the  mere  colours  of  the  rock,  is  in  harmony  with  the 
palieoutological  character  of  the  occurrence  of  nuuine  shells.  No  undoubtedly 
marine  remains  are  to  be  found  in  the  red  rocks,  but  as  soon  as  the  red  tints 
disappear,  we  get  brachiopoda  and  conch  if  era  of  marine  characters. 

If  the  Coomhola  grits  be  classed  with  the  Carboniferous  series,  the  so-called 
Upper  Devonian  of  Devonshire  and  the  Rhine  (the  Bfarwood  sandstones  and  the 
Spirifera  Vemeuillii  schists,  etc.),  must  also  be  called  Carboniferous. 

There  is,  hovrever,  something  very  noteworthy  in  the  mode  of  occurrence  of 
the  Carboniferous  slate   (including  the  Coomhola  grits)   in  the  south-west  of 
Ireland,  which  may,  perhaps,  eventually  turn  out  to  be  in  harmony  with  a  classi- 
fication which  should  make  them  a  distinct  sub-group  in  combination  with  the 
upper  part  of  the  Old  Red  Sandstone.     If  we  draw  a  parallel  of  latitude  throng 
the  tovms  of  Kenmare,  Macroom,  and  Cork,  the  great  development  of  Carboni- 
ferous slate  lies  wholly  south  of  that  line.     If  we  examine  the  neighbourhood  of 
the  city  of  Cork  itself,  we  find  the  Old  Red  Sandstone  with  plants  in  its  upper 
beds,  and  a  very  short  distance  above  that  we  get  solid  Carboniferous  limestone, 
with  some  black  shales  or  slates  between  the  two,  but  not  more  than  200  or  300 
feet  in  thickness.    Passing  southwards  to  the  mouth  of  the  harbour  by  Monks- 
town  or  Queenstown,  and  then  by  Carrigaline  and  Coolmore,  these  intermediate 
black  slates  or  shales  thicken  to  2000  or  8000  feet,  still  having  the  Old  Red 
Sandstone  below  and  the  Carboniferous  limestone  above  ;  but  going  still  farther 
south  by  Ringabella  to  Kinsale,  the  dark  grey  slates  and  grey  grits  thicken 
rapidly  to  5000  or  6000  feet,  and  are  nowhere  covered  by  any  part  of  the  Oar- 
boniferous  limestone,  though  they  show  here  and  there  highly  calcareous  bands. 
The  whole  of  the  rocks  are  throvm  into  numerous  anticlinal  and  synclinal  curves, 
over  many  interrupted  axes  which  strike  very  steadily  from  E.N.E.  to  W.S.W.; 
and  the  headlands  and  bays  along  the  south  coast  of  Cork  exhibit  numat>iis 
transverse  sections  across  the  beds,  so  that  no  mistake  can  be  made  respecting 
the  facts.     On  tracing  the  beds  round  into  Bantry  Bay,  across  the  anticlinal 
ridges  of  Old  Red  Sandstone  that  form  Cape  Clear,  the  Mizenhead,  and  Sheep's 
Head,  we  find  the  uppermost  beds  at  the  head  of  Bantry  Bay  becoming  actoal 
limestone,  as  if  the  Carboniferous  limestone  had  only  just  been  removed  fitua 
them.     FoUowing  them   again  over  the  anticlinal  ridge  that  ends   in  Dnrsey 
Island  into  Kenmare  Bay,  we  again  find  the  Carboniferous  slate  in  the  hollow  of 
the  synclinal,*  as  far  as  Sneem  and  Clonee.     Beyond  these  points,  however,  the 
Old  Red  Sandstone  beds,  which  dip  beneath  the  waters  of  the  bay  from  each  side, 
seem  to  close  more  together,  and  exclude  the  Carboniferous  slate,  and  when  the 
head  of  the  bay  is  reached,  the  fiat  land  is  composed  of  solid  limestone,  with  a 
thickness  of  not  more  than  100  feet  of  black  shales  and  grits  between  the  base  of 
the  Carboniferous  limestone  and  the  top  of  the  Old  Red  Sandstone.     The  sectkn, 
then,  is  like  that  shown^in  Fig.  154,  where  the  Lower  Limestone  shale  g,  just 
100  feet  thick,  is  interposed  between  the  top  of  the  Old  Red  Sandstone/,  snd  Uh 
Carboniferous  limestone  h,     Kenmare  is  not  more  than  ten  miles  from  GlengarilT 

*  The  headlands  of  the  south-west  of  Ireland,  from  Kerry  Head  to  Cape  Clear,  are  sD 
formed  of  anticlinal  ridges  of  Old  Red  Sandstone,  while  the  indentations  of  Tialee  Baj, 
Dingle  Bay,  and  Kenmare,  Bantry,  Donmanus.  and  Roaring  Water  Bays,  have  aU  bees 
worn  in  the  more  easily  destructible  Carboniferous  rocks  which  lie  in  the  synclinal  troi^ 
between  the  anticlinals. 
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in  a  direct  line,  so  that  within  that  distance  the  rocks  next  above  the  top  of  the 
Old  Red  Sandstone  vary,  as  is  shown  in  the  two  sections.  Figs.  154  and  158, 
and  that  without  any  appearance  of  discordance  or  interruption,  but  apparently 
by  the  gradual  intercalation  towards  the  south  of  a  series  of  beds  5000  feet 
thick,  which  are  entirely  wanting  over  all  the  country  to  the  northward.  The 
little  group  of  calcareous  bands,  called  6'  in  section  Fig.  158,  resembles  the 
small  group  of  shales  that  occur  beneath  the  limestone  at  Eenmare.  The  two 
sets  of  beds  are  probably  the  same,  and  form  the  Lower  Limestone  shale 
presently  to  be  described — the  Carboniferous  slate  and  Coomhola  grits  coming  in 
below  as  a  distinct  sub-group  between  the  Lower  Limestone  shale  and  the  Old 
Red  Sandstone. 

If,  after  examining  the  CarbonifeToaR  slate,  we  proceed  northwards 
tbrough  Ireland,  surveying  the  Carboniferons  rocks  right  and  left  as 
we  proceed,  we  shall  find  that  they  consist  at  first  of  two  groups 
only — viz,,  the  Carboniferous  limestone  below,  and  the  Coal-measures 
above. 

Garboniferous  Limestone. — This  formation  has  a  total  maximum 
tbickness  of  about  3000  feet,  varying,  however,  in  different  places, 
especially  where  it  rests  unconformably  upon  an  irregular  surface  of 
lower  rocks.  Where  its  base  is  fully  developed,  it  is  always  found  to 
consist  of  beds  of  black  shale,  which  we  may  call  the  Lataer  Limestone 
shale^  generally  about  150  feet  thick,  sometimes,  perhaps,  not  more 
than  20,  sometimes  as  much  as  300.  This,  in  the  absence  of  the 
Carboniferous  Slate,  rests  directly  on  the  Old  Red  Sandstone,  and 
seems  even  to  graduate  into  it,  the  dark  shales  alternating  with  beds 
of  yellow  sandstone  below,  and  with  thin  courses  of  limestone  above. 
In  such  places  there  seems  to  be  a  perfect  blending  and  continuity 
between  the  Old  Red  Sandstone  and  the  Carboniferous  Limestone,  the 
Lower  Limestone  shale  forming  what  would  be  called  the  passage 
beds,  notwithstanding  which  there  is  a  gap  which  is  elsewhere  filled 
by  a  deposit  of  at  least  5000  feet  thick  between  the  two.  The 
Lower  Limestone  shale  has  generally  a  peculiar  assemblage  of  fossils, 
formed  of  a  few  species  that  range  through  the  limestone,  but  are 
nowhere  found  in  such  especial  abundance  as  in  this  lower  part  of 
it,  from  which  other  species  elsewhere  abundant  are  absent  These 
are  the  species  mentioned  at  p.  587  as  characteristic  of  the  group  b*. 

The  Carboniferous  Limestone  of  the  south  of  Ireland  is  perhaps 
one  of  the  largest  aggregates  of  beds  of  limestone  to  be  seen  anywhere 
in  the  world.  The  most  usual  character  is  a  grey  fine-grained  or  com- 
pact limestone,  sometimes  dark,  sometimes  light,  sometimes  mottled, 
with  occasional  red  streaks  and  bands  in  some  of  the  beds.  In  some 
places  it  contains  beds  of  black  shale,  and  becomes  earthy  in  its  middle 
portion,  and  sometimes  the  whole  of  it,  except  the  lower  part,  puts  on 
this  shaly  and  earthy  character.  This  middle  earthy  and  shaly  part  has 
been  called  Calp,  from  a  local  term,  signifying  "  black  shale."  £lack 
chert  is  often  developed  in  the  limestone,  rows  of  nodules  and  seams 
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of  it  appearing  in  great  abundance,  sometimes  in  one  part  and  some- 
times in  another. 

This  formation  in  the  south  of  Ireland  usually  forms  low  gentlj 
undulating  ground,  and  its  beds  are  seen  only  in  short  sectiona  or  in 
scattered  quarries.     This  induced  me  for  some  time  to  doubt  idiether 
the  real  thickness  was  so  great  as  appeared  from  these  isolated  indica- 
tions, until,  in  the  course  of  the  Geological  Survey,  we  had  examined 
the  hills  of  Burren  in  County  Claie,  on  the  one  side,  and  tlioee  of 
Queen's  County,  on  the  other.    In  Burren,  especially,  the  upper  part  of 
the  limestone  is  magnificently  exposed.     A  range  of  hills,  niher  more 
than  1000  feet  in  height,  sweeps  for  about  20  miles  along  the  sooth 
side  of  Ckdway  Bay.     They  are  formed  entirely  of  bare  rock  from  Uie 
sea-level  to  the  hill-tops,  the  only  soil  being  found  in  crevicea  oi  the 
rock,  or  in  patches  in  the  hollows  of  the  valleys.    This  rock  is  all  lime- 
stone, in  regular  beds,  which  dip  gently  to  the  south,  at  an  angle  of 
l^°  only,*  and  counting  from  the  lowest  bed  that  rises  out  on  the  sea- 
shore, to  the  uppermost,  which  caps  the  summit  of  the  hills  three  or 
four  miles  to  the  southward,  there  must  be  a  thickness  of  at  least 
1600  or  1700  feet  of  solid  limestone  shown  here.     The  beds  can 
be  perfectly  traced  round  the  promontories  of  the  hills,  and  up  the 
recesses  of  the  valleys,  through  a  winding  Une,  the  extremities  of 
which  are  fully  20  miles  apart,  and  throughout  that  distance  Mr.  Foot 
informed  me  that  there  is  not  a  trace  of  a  fault  or  disturbance,  or 
even  an  undulation  in  the  beds.    Terraces  of  20  jrards  in  breadth  have 
been  worn  here  and  there  on  the  top  of  some  particular  bed,  and  may 
be  walked  along  for  many  miles  round  the  sides  of  the  hills  and 
valleys,  which  resemble  great  stairs,  or  vast  amphitheatres.     They  are 
not,  however,  very  easy  to  traverse,  since  the  rocks  are  so  cut  by 
several  systems  of  joints,  and  those  joints  are  so  worn  and  opened  by 
the  action  of  the  weather,  that  each  exposed  bed  is  cut  into  blocks  bj 
deep  fissures,  and  the  uppermost  blocks  are  often  loose  and  tottering, 
and  worn  into  rough  knobs  and  holes  by  the  mechanical  and  chemical 
action  of  the  weather.t     Throughout  the  thickness  of  1600  feet,  bat 

*  The  late  Mr.  F.  J.  Fdot,  who  surveyed  this  district,  and  myself,  were  enabled  to  deter> 
mine  the  dip  of  the  beds  with  the  most  perfect  accuracy,  by  means  of  the  heights  given  ca 
the  Biz-inch  Ordnance  maps.  In  two  or  three  places  we  could  walk  on  the  topmoet  bed  of 
limestone  with  a  little  cliff  of  coal-measure  shale  close  to  us  resting  on  that  bed,  for  dis- 
tances of  half  or  three-quarters  of  a  mile  down  the  gentle  slope  of  the  dip,  IhMn  the  spot 
where  one  altitude  was  given  to  that  where  another  appeared  on  the  map— the  diUbrenee 
of  the  altitudes,  of  course,  giving  us  the  fall  in  the  distance  traversed.  This  was  always 
1  in  41,  which  is  almost  exactly  1^*. 

t  The  picturesque  atmospheric  eflR»cts  of  sunshine  and  cloud  upon  these  hills  <tf  pale  grey 
Stone,  with  their  sculptured  tops  and  terraced  sides,  and  their  deeply-winding  valleys,  akog 
which  the  slightly-inclined  lines  of  stratification  recede  to  the  vanishing  point,  are  often  mc«t 
peculiar,  and  such  as  I  never  saw  in  any  other  part  of  the  world,  while  the  setting  snm 
converts  the  pale  grey  into  exquisite  tints  of  violet  and  rose  colour.  The  detached  ontlyl^ 
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one  band  of  chert  nodules  is  to  be  seen,  and  not  a  single  inch  of  shale 
or  any  other  rock  but  grey  limestone,  every  bed  of  which  seems  to  be 
composed  mainly  of  the  minutely  broken  fragments  of  the  joints  of  encii- 
nites.  The  upper  part  of  the  limestone  thus  admirably  exposed  in  this 
hill  country  forms  probably  about  half  the  whole  formation,  the  lower 
portion  spreading  to  the  east  over  a  low  country,  from  beneath  which 
the  Old  Red  Sandstone  rises  gently  out  on  to  the  hills  called  Slieve 
Boughta. 

In  some  other  districts,  as  for  instance  in  Limerick  and  the  south  of 
Clare,  Mr.  Kinahan  and  Mr.  Foot  could  have  divided  the  Carboniferous 
limestone  into  three  or  four  subordinate  groups  by  Ilthological  charac- 
ters, which  were  constant  for  many  miles  ;  and  in  the  neighbourhood 
of  Dublin  Mr.  Du  Noyer  and  I  have  divided  it  into  two — an  upper  and 
a  lower  limestone.  None  of  these  subdivisions,  however,  have  any  more 
than  a  local  character,  and  none  of  them  are  supported  by  palaoontological 
characters  depending  on  time,  but  only  by  such  as  depend  on  the  nature 
of  the  place  of  deposit. 

Coal-measures. — Over  all  the  south  of  Ireland  the  Carboniferous 
limestone  is  succeeded  by  a  series  of  black  shales  and  grey  gritstones 
or  flagstones,  containing  in  their  upper  portion  thin  beds  of  coaL  In 
all  probability  these  beds  represent  only  part  of  the  millstone  grit  and 
Yoredale  series  of  England,  and  are  consequently  of  older  date  than  the 
true  Coal-measures  of  the  British  type. 

The  Irish  Coal-measures  may  be  subdivided,  as  they  are  in  the 
following  section,  into  three  sub-groups.     These  sub-groups  are  recognis- 
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Pig.  169. 

Section  of  the  Slievarda^  Coalfield,  Cennty  Tippenuy. 

Length  of  section,  about  1(  mile. 
6*  Black  shales  and  grey  grits  containing  nine  small  beds  of  coal 
b*  Flagstone  series  (grey  sandy  flags  with  black  shales) 
h^  Black  shales,  with  occanional  bands  of  thin  grit      .... 


a  Carboniferous  limestone. 


Feet 

1300 

700 

800 

2800 


able  throughout  the  counties  of  Cork,  Limerick,  and  Clare,  Tipperary, 
Queen*s  County,  Carlow,  and  Dublin,  wherever  a  sufficient  thickness 
of  the  Coal-measure  group  comes  over  the  limestone.     The  lower  one, 

hills  often  resemble,  at  a  distance,  vast  fortresses  with  long  sloping  stone  glacis,  from  which 
nomerous  curtain-walls  rise  at  intervals,  one  above  another,  till  they  terminate  in  a  small 
citadel  at  the  top. 
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h^,  has  a  very  distinct  assemblage  of  fossils,  which  always  occur  in  it, 
and  sometimes  in  the  greatest  profusion,  and  in  the  most  excellent 
state  of  preservation.     These  fossils  are  tiie  following  : — 

Foes.  gr.  17,  6. 

M*Coy,  Carb.  fosa.,  t  16,  f.  7. 
Expl.  142,  G.  a  I. 
PhiU.  PaL  foss.,  t  20. 
M*Coy,  Carb.  foss.,  t.  18. 
Phill.  G.  Y.,  t  19. 
Sandbei^ger's  Nassau,  t.  19,  f.  5. 
PhilL  G.  Y»,  t  21. 


Avictdopecten  papyraceus   . 

variabilis 

Lunulacardium  Footi 
Posidonomya  Becheri 

merobranacea 

Goniatites  sphaericus 
Orthoceras  scalare 
Steinhaneri 


The  flagstone  series,  6«,  is  equally  characterised  by  tracts  of  marine 
animals  (mollusca  or  annelida),  sometimes  of  the  most  remarkable 
character,  the  whole  surface  of  large  slabs  being  a  matted  network  of 
long  tortuous  impressions,  indentations  on  the  upper  surface,  and  ridges 
or  casts  of  indentations  on  the  lower  surfaces  of  the  flagstones.'*^ 

If  we  tabulate  the  groups  of  the  Carboniferous  formation  as  it  exists 
in  the  south  of  Ireland,  and  give  each  group  its  maximum  thickness, 
we  shall  have  the  following  series  : — 


8.  Coal-measures. 


2.  Carboniferous 
Limestone. 

1.  Carboniferous 
Slate. 


Shales,  etc.,  with  coal 
Flagstonfe  series  . 
Lower  shales 


b.  Subdivisions  varying  in  different  parts 
a.  Lower  limestone  shale 


b.  Black  slate 

a.  Do.,  with  Coomhola  grit 


Feet. 

1800 
500 
800 

2800 
200 

2000 
3000 


Yellow  sandstone,  or  Upper  Old  Red  Sandstone,  800  or 


3100 


8000 


5000 
900 

12,000 


North  of  Ireland. — In  the  north  of  Ireland,  according  to  the  map  of 
Sir  R.  Griffith,  the  Carboniferous  formation  is  capable  of  still  farther 
subdivision,  and  consists  of  the  following  groups  : — 

Feet. 

ti    n    t  ^  {  Coal-measures 2000 

2.  Coal-measures,  |  ^^^^^^^  ^^ ^^ 

Yoredale  beds  (Co.  Fermanagh  t)      .  500 

[Forward]        .         .       8000 


etc 


*  See  Mr.  Baily's  Palseontologfcal  Notes,  in  the  Explanation  of  Sheets  102  and  112,  sad 
141  and  142,  of  Oeological  Survey  of  Ireland. 

t  In  Leitrim,  Fermanagh,  and  Tyrone,  there  are  true  representatives  of  the  Toradale 
series  of  EDgland,  as  well  as  of  the  Millstone  Grit  and  Coal-measures.  [Mr.  HnlL]  The  Car- 
boniferous  Rocks  of  Ballycastle,  Co.  Antrim,  are  considered  by  Mr.  Hull  to  belong  to  tte 
type  of  those  of  Scotland,  and  to  be  the  representatives  of  the  Carboniferous  Limeetooe  and 
Caloiferons  Uand«tone  series  of  that  country.  With  other  characters  of  resemblance  tbey 
contain  "black-band"  ironstones.— /<mr».  Boy<U  GtoL  Soc  <^ Ireland,  187L 
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1. 


Feet 

Feet 

[Brought  forward] 
'  Upper  limestone      .        .         .         . 
Upper  calp  shale     .         .         .         . 
Carboniferous      Calp  sandstone        .         .         .         . 

500 
500) 
800  J. 

8000 

Limestone. 

Lower  calp  shale     .        .         .         . 

500j 

Lower  Limestone    .         .         .         . 

800 

,  Lower  limestone  shale 

100 

2700 

Tellow  sandstone 

• 

500 

6200 

The  principal  differences  between  the  north  and  south  are  in  the 
development  of  thick  sandstones  in  the  lower  part  of  the  Coal-measures 
in  the  north,  forming  a  group  like  the  Millstone  Qrit  of  Derbyshire, 
and  the  separation  of  the  Carboniferous  limestone  by  the  development 
of  a  set  of  shales  and  sandstones  called  **  the  Calp"  in  its  central  por- 
tion, and  the  entire  absence  of  the  Carboniferous  slate  group.  The 
coals  also  in  the  upper  part  of  the  Coal-measures  are  good  coals,  of  the 
character  called  bituminous,  while  those  of  the  south  of  Ireland  are 
more  anthracitic.  The  Carboniferous  series,  as  thus  described,  may  be 
seen  in  the  counties  of  Leitrim,  Fermanagh,  and  Armagh. 

The  changes  which  take  place  in  the  Carboniferous  Limestone  by 
the  introduction  of  shales  and  sandstones  as  we  proceed  from  the 
central  parts  of  Ireland  northwards  are  of  a  similar  character  to  those 
to  be  observed  in  the  case  of  the  same  formations  in  England,  and  are 
probably  due  to  similar  causes.  In  each  case  it  will  be  observed  that, 
with  the  introduction  of  truly  sedimentary  beds,  there  is  a  proportionate 
decrease  in  the  thickness  of  the  limestone  beds  themselves. 


Contemporaneous  Volcanic  Eockb  in  the  Carbonifebous  Ststem 

OF  Britain. 

^  The  base  of  the  Carboniferous  series  in  Cornwall  and  Bouth 
Devon  is  marked  by  the  occurrence  in  it  of  sheets  of  trappean  ash  and 
of  crystalline  amygdaloidal  greenstone,  similar  to  the  igneous  masses 
among  the  neighbouring  Devonian  rocks.  The  ash  is  sometimes  coarse 
and  full  of  fragments  of  cellular  trap,  as  in  the  conspicuous  hill  of 
Brent  Tor.  In  describing  the  rocks  of  that  locality,  Sir  Henry  de  la 
Beche  pointed  out  the  remarkable  resemblance  of  the  Brent  Tor  to  a 
volcano,  and  the  probability  that  the  ash  and  greenstone  were  erupted 
over  the  sea-bottom,  where  they  became  interstratified  with  the  ordi- 
nary marine  sediments.^ 

"  In  the  centre  of  England  the  well-known  toadstones  of  Derby- 
shire indicate  intermittent  volcanic  activity  during  the  formation  of  the 

*  De  la  Beche,  Devon  and  ComvfcUl,  p.  122. 

24 
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CarboniferoiiB  Limestone.  They  consist  of  three  principal  beds  of  trap, 
sometimes  compact  and  dark,  approaching  basalt  in  textnre,  but  usually 
more  earthy  and  highly  amygdaloidaL  These  beds  average  each  about 
60  or  70  feet  in  thickness,  and  preserve  their  course  for  many  milee 
between  the  strata  of  limestone.  Mr.  Jukes  has  pointed  out  that  each 
of  them  is  probably  the  result  of  not  merely  one  eruption,  but  rather 
consists  of  different  flows  proceeding  from  distinct  vents,  and  uniting 
into  one  sheet  along  a  common  floor.  *  This  conclusion,  he  says,  *  was 
confirmed,  in  1861,  on  visiting  Buzton  with  the  eminent  Swiss  geologists, 
Messrs.  Escher  and  Merian,  and  their  companion  AL  Stohr,  when  the 
jailway  cutting  a  little  below  Buxton,  down  the  valley  of  the  Wye,  laid 
open  the  toadstone,  with  the  limestone  above  and  below  it.  Two  solid 
beds  of  toadstone  were  exposed,  proceeding  firom  opposite  ends  of  ^ 
cutting,  towards  each  other,  but  not  overlapping,  with  beds  of  puiple 
and  green  ash,  greatly  decomposed  into  clay,  both  above  and  below  each 
bed,  and  between  the  two,  the  whole  forming  a  rather  irr^^olar  com- 
posite accumtdation,  with  a  total  thickness  of  about  50  feet' 

"  Farther  north  the  counties  of  Durham  and  Northumberland  are 
traversed  for  many  miles  by  interpolated  sheets  of  basalt-rocks,  of  which 
the  most  important  is  known  as  the  Great  Whin  SilL  It  do^  not 
appear  that  these  masses  have  yet  been  investigated  in  such  detail  as 
to  indicate  how  far  they  may  be  actually  contemporaneous  with  the 
Carboniferous  Limestone  series  in  which  they  occur. 

''  Passing  into  Scotland,  we  find  the  Carboniferous  formations  of  the 
broad  midland  valley  full  of  the  most  striking  evidences  of  volcanic 
activity.  From  the  very  bottom  of  the  system  up  to  at  least  the  top 
of  the  Carboniferous  Limestone  series,  volcanic  rocks  of  many  varieties 
abound.  In  the  west,  great  sheets  of  different  porphyrites,  with  inter- 
bedded  tufis,  sandstones,  and  conglomerates,  lie  in  the  lower  part  of  the 
formation,  and  rising  in  broad  masses,  bed  above  bed,  form  that  con- 
spicuous chain  of  terraced  heights  which  stretches  from  near  Stirling 
through  the  range  of  the  Campsie,  Kilpatrick,  and  Renfrewshire  lulls, 
to  the  banks  of  the  Irvine  in  Ayrshire,  and  thence  westwards  by  the 
Cumbrae  Islands  and  Bute,  to  the  south  of  Arran.  In  the  eastern 
districts,  instead  of  such  wide-spread  sheets  of  volcanic  rock,  the  G^ 
boniferous  series  includes  hundreds  of  minor  patches  oi  tufi^  basalt- 
rocks,  and  porphyrite.  The  area  of  the  Lothians  and  Fife  seems  to 
have  been  dotted  over  with  innumerable  little  volcanic  vents,  breaking 
out  and  then  disappearing  one  after  another  during  the  lapse  of  the 
Carboniferous  period  up  to  about  the  dose  of  the  Carboniferous  Lime- 
stone, t   The  very  limited  area  occupied  by  the  erupted  material  is  often 

■     •  Mifmiul  c/GMiogy,  Sd  edit,  pw  6S3. 

t  See  MacLaren'sF^e  and  the  Lothiafu;  Mem.  GeoL  Swrvetf;  "  Geology  of  Neighbooikood 
of  Bdinlnxigh,"  Tran».  Bojf.  Soo,  Bdin.,  roL  xxiL  p.  M4. 
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remarkable.  A  mass  of  tuff,  a  hundred  feet  thick  or  more,  may  be 
found  intercalated  between  certain  strata,  yet  at  a  distance  of  a  mile 
or  two  the  same  strata  may  show  no  trace  of  any  volcanic  materiaL 
Nowhere  is  this  feature  more  wonderfully  exhibited  than  in  the  coal- 
field of  Dairy,  in  the  northern  part  of  Ayrshire.  The  blackband 
ironstone  of  that  district  appears  to  have  been  deposited  in  hollows 
between  mounds  and  cones  of  volcanic  tuff,  sometimes  600  feet  high, 
round  and  over  which  the  later  members  of  the  Lower  Carboniferous 
formation  were  deposited.  Hence  the  shafts  of  the  pits  are  sometimes 
sunk  for  100  fathoms  through  the  tuff,  and  at  that  depth  mines  are 
driven  horizontally  through  the  volcanic  rocks  to  reach  the  ironstone 
beyond.  In  other  districts  the  interstratification  of  beds  of  tuff  and 
sheets  of  basalt  and  dolerite  (melaphyre)  amongst  highly  fossiliferous 
limestones  and  shales  presents  many  points  of  interest.  In  this 
respect  the  range  of  the  Linlithgowshire  hills  is  specially  deserving  of 
study. 

''The  great  Carboniferous  Limestone  series  of  Ireland  contains 
evidence  that  here  and  there,  at  various  intervals  during  its  formation, 
minor  volcanic  vents  were  active  on  different  parts  of  the  sea  bottom. 
In  the  county  of  Limerick  masses  of  trap  1200  and  1300  feet  thick, 
with  weU-marked  ashy  interlacings,  lie  among  the  limestones."* 

Charactebistio  Fossils. 

A  list  has  been  already  given  of  the  characteristic  fossils  of  the 
lower  part  of  the  series  in  Ireland.  Some  of  the  fossils  there  men- 
tioned, however,  are  not  restricted  to  that  part,  but  occur  throughout 
the  Carboniferous  series,  and  will  be  mentioned  again  in  the  following 
list  One  general  characteristic  of  the  formation  is  the  abundance  of 
plants.  These  occur  throughout,  and  are  not,  I  believe,  characteristic 
of  one  part  of  it  more  than  another,  except  that  they  are  found  in 
shales  and  sandstones,  or  the  washings  of  the  land,  rather  than  in  lime- 
stones, the  product  of  the  ocean.  It  does  not  appear  that  there  is  any 
essential  difference  in  Scotland  between  the  plants  found  with  the  coals 
at  the  base  of  the  series,  and  those  found  near  the  top,  some  species 
being  locally  peculiar  in  each  case,  but  occurring  in  other  beds  in  other 
places.  Similarly,  although  the  marine  shells,  etc.,  are  foimd  princi- 
pally in  the  limestones,  as  might  be  expected,  yet  they  are  found  occa- 
sionally in  the  shales  and  sandstones  in  which  coals  occur,  together 
with  other  shells  that  look  something  like  fresh-water  shells,  but 
nevertheless  may  be  marine. 

•  See  Mem.  GtoL  Swvep  Irdand;  Explanation  to  SheeU  148,  144.  16S.  and  154.  The 
abore  aeoonnt  of  Brltiah  Carbonifenms  volcanic  rocks  ia  flrom  the  Editor't  Address  to  the 
Geological  Section  of  the  British  Association,  1887. 
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Tlie  difierent  uBemblagea  of  toeaia,  therefore,  foond  in  diffennt 
puts  of  the  Carboniferous  series,  m&y  be  only  locally  chancteriatic  of 


those  parU,  their  limitation  depending  on  the  nature  of  the  " 
in  which,  and  not  upon  the  time  during  which,  they  lived. 


Alethopterii  lonchitio  (F 
AaUropbfUites  graodij  . 

fobomu  . 

CilBmitM  cuuuefonnii  . 
L«pidodeDdron  elegaoa  . 
Lepidoatrobiu  ornatuB    . 


&pheiiopt«ri«  Istifolla  (Fem)   . 


Foss.  gr.  15,  i. 
i  UndL  and  Uutton,  fnu.  tar, 
t  17,  t  IB,  Bg.  2. 

Jbid.  t.  Sfi,  Sg.  1. 

Fott.  gr.  16,  a. 

Fom.  gr.  16,  d. 
J  Lind.  Hntt  foa:  flor.,  t  M, 
\     and  t.  I6S. 

Und.  t.  52. 

Fom.  gr.  16,  c. 
)  Lind.  ud  Hutt  fom.  Ba., 
J     1  ITS. 
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PlanU  .    .     .     Stigmuia  (roots  and  looUrts) .  Fois.  gr.  IG,  «. 

AetiKotoa  .     .     AmpUzni  eonUoidai  Fou.  gr.  16,  b. 

Litboctrotion  sfflm  Fosb.  gr.  16,  c. 

Micbelinia  favosa  .  Foss.  gr.  Id,  a. 

Syiingopon  ramnloea  Tab.  Vtmr. 
K.11TO.    .     .     F««Wl.«.ti,i»,~»b™,«.^jpi^^„   y  _^j^,^ 

BiJiitu)d«rmata   Actinodinos  triaconUdactylDi  Tab.  View. 

AreiiKoddaria  Urii  MSJ.  Carb.  foaa.,  t  87. 

CyathocrinuB  calcantni  .  Tab.  Viair. 

PaliFcbijiua  apliBricDa  Fon.  gr.  IS,  h. 

PeDtremitas  Derbieaaia   .  Fo«a.  gr,  16,  c 

PlatTciiniia  1«9tu   .  FoM.  gr.  18,  a. 

Poteriocrinna  grannloma  PhilL  Q.  Y.  2,  t  i, 

KLodocriuua  buns  >  Ibid.,X.  i,  fig.  24,  26. 

Aimdida  .     .     Spirorbia  carhonariuj  Ly.  Han. ,  fig,  G4G. 

Cnulaeea  .      .     BeliDnnu  Regina    .  Eipl.  ah,  137,  6.8.1. 

rotundatas  Lf.  Mao.,  Bg.  647. 


FoMll  Otonp  So.  K. 

CarbodlfaroDa  FouHr- 
L  HiebellsU  bToaa.  d.  TantatoU  balUU. 

I.  Bplrlfna  itrlata. 
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Belinunu  trilobitoidei    .        .       'BuckL  B.T. 
Bracbpostopna  (PhilHlwU)  Ohm- 

Ikns. 
Dithjrocuis  Cold  .  .        Port.  OR.,  t.  li 


Oiiffithidel  globioepa 
Phillipsk  putnUU 
AtbrriB  pluiHalotA 
Diw^na  mtidk 
Orthia  naapinaU  . 
Prodncta  acolMU,  scabricnJa, 

MmiretioiJaU  . 

SbyiKllOiiaUa  KcmuinaU 

plenrodon 

SpilUBTS  CIU^dBtB 


Ibid.,SU. 
Fou.  gr.  IB,  d~ 
+a 'Coy,  C«b.  toM,  1 21,  fig.! 
PlillL  O.  Y,  t.  11.  Bg.  10. 
VoM.  gr.n.a. 
etc    PbiU-Q.  Y. 

FoM.gr.  18,/. 
Tat  TlB». 
Fon.  gr.  11,  b. 
Tan.  gt.  14,  a. 


b.  ATliiiilopecMD  pipfTuei 


CuboDlfeniij  FomUi. 

d.  PlearoTtynchni  HibeiBloiu. 

e.  Eaomphaliu  peatangnlttnit 
/,  BsUerophon  taigentUlli. 


-  Bnckludl  Si 
pnblUUKl  bj'  Sir  B.  QriOUi. 


CABBOHIFEROirS  FIRIOD. 


Terebistulft  huUt> 
ATicnlapecten  papjmcMU 
Cardiomorpha  oblDiiga     • 
Pleurorbynchiu    (Conocudii 

Hibcndciu       .  . 
Poatdonoiajra  B«ch«ri 
Enompbalu  pentanguUtDi 
Loioncma  LeTebvreL 

NaUca  elliptica 
Patella  mucroData  . 
PlcnratomarJB  caiinata    . 


Tab.  VlBw. 
FhilL  O.  T. 

FOM.  gT.  16,  c. 

Foas.  gr.  16.  d. 
Foo.  gr.  17,  b. 

{  Tom.  gr.  17,  d. 

t  Tab.  V.  and 

j  hj.  ICao.,  flg.  S84. 

F««a.  gr.  17,  e. 

D«.  EoniDck.  PL  41,  flg.  7. 

H'Oor,  Carb.  foo. 

Phia  G.  y.,  t.  u,  fig.  28. 

Phm.  O.  Y.,  flg.  8. 
Phill.  0.  Y.,  t  IB,  fig.  1. 


FmtO  Onop  No,  18. 

d.  FlillltpMa  pnttnlaU. 
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Traohdlapiiau      . 

H'Ccir,  Cub.  run.,  t.  7,  fig.  1 

T»h.  View. 

Foiiu  gr.  17,  / 

PorcdU.  PMio,  ' 

G.  Y.  2.  t  ai. 
Komnck.  t.  44. 

QeniBii. 

Fm..  gr.  18,  ^. 

Gonlatitag  LUtari    . 

Fo«.  gr.  18./. 

T.b.  Vie-. 

Fool  gr.  18,  t 

PhUL  6.  Y.  2,  t.  21. 

T»h.  View. 

Cladodu  itrlatiiB   . 

Foo.  gr.  19,  a. 

CochUodn*  aantortnj 

Tata,  p- 19,  d. 

Diplodni  gibbomu  . 

Fo«.  gr.  19,  A. 

Fool  gr.  19,  c 

Hibbwtl 

Lj.  M«..,fig.  656. 

Po«.  gr.  IbT,. 

PtBdlodiM  Jonedi . 

Foes.  gr.  19,/. 

Fom.  gr.  19,  e. 
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'rinthodon^    \  -^^^^^^^^o®*^"^^  Russelli .  Q.  J.G.S.,  voL  xix.  p.  56. 

Lozomma  Allmanni  .         Ibid,^  toL  xviiL 

Pholidogaster  piscifonnis. 

Heraterpeton  Galvani     .  Trans.  R.  I.  Ac,  voL  xxiv. 
Urocordylus  Wandesfordii  Ibid, 

Lepterpeton  Dobbsii       .  Ibid. 

Ophiderpeton  Brownriggli  Ibid, 

Dolichosoma  Emmersoni  Ibid, 

Ichthyerpeton  Bradleyss  IHd 

Erpetocephalus  rugosus  *  Ibid. 

Foreign  Looalities. 

On  the  continent  of  Europe  the  derelopment  of  the  rocks  of  this  period  is  gene- 
rally inferior  to  that  oheenrable  in  the  British  Islands.  Having  learnt  the  succes- 
sion of  the  beds,  and  their  organic  remains,  however,  in  oar  own  country,  we  are 
enabled  to  trace  a  corresponding  order  in  other  parts. 

Belgium, — According  to  Mr.  Dumont — 

HounxiSR.      (  ^*  Alternations  of  "  ampelite*'  (sandstone),  shale,  and  coal. 

3.  Crinoidal   limestone,    dolomite,  />rodu<:to- limestone,   with 
STBTfciOB  chert  and  anthracite. 

CoNDRUBiEN     ^  ^*  ^^^  sandstone,  soft  sandstone,  and  anthracite. 

1.  Grey  shales,  calcareous  shales,  dark  limestone,  and  pisolitic 
iron  ore  (oligiste). 

The  plants  of  No.  4  correspond  to  those  of  our  Coal-measures.  The  laige 
Prodfuctce  and  other  fossils  of  No.  8  correspond  in  the  main  with  those  of  the 
Carboniferous  or  Mountain  Limestone  of  the  British  Islands.  The  lowest  division, 
No.  1,  contains  l^riferoe,  CycUhophyUum,  mitratumj  PleurotomaricB,  and  other 
fossils  found  also  in  the  lower  divisions  of  Northumberland  and  Scotland. 

The  coalfield  of  Liege  has  long  been  celebrated.  The  rocks  in  that  neighbour- 
hood, and  about  Namur,  seemed  to  me  greatly  to  resemble  those  of  the  south  of 
Ireluid,  the  Coal-measures  being  apparently  affected  by  slaty  cleavage,  thick 
Carboniferous  Limestone  appearing  below  them,  with  still  lower  beds  resembling 
the  Carboniferous  slate. 

France  has  Coal-measures  in  the  coalfields  of  Valenciennes  in  the  north,  which 
is  the  western  continuation  of  that  of  Belgium,  and  is  covered  towards  the  west 
unconformably  by  the  Chalk ;  and  also  in  the  southern  coalfields  of  St.  Etienne, 
and  some  other  smaller  districts.  Much  of  the  lower  part  of  the  formation,  how- 
ever, consists  of  day  slate,  and  altered  rocks,  which  were  at  one  time  taken  for 
much  older  formations.  Sir  Roderick  Murchison  showed  that  the  slate  rocks  of 
Le  Pdret,  near  Vichy,  pierced  by  syenites  and  porphyries,  were  in  reality  Carbon- 
iferous rocks,  t 

Carboniferous  rocks  occur  in  Rhenish  Prussia,  having  an  area  of  about  900 
square  miles ;  Westphalia,  north-east  of  Dusseldorf ;  Bohemia  and  Silesia,  which 
are  separated  from  each  other  by  the  Silurian  and  Devonian  rocks  of  the  Riesen 
Gebirge  ;  in  Russia,  Spain,  and  Portugal.  X 

*  The  above  seven  genera  of  Labyrinthodont  Amphibia,  from  Jarrow  Colliery,  County 
Kilkenny,  were  described  by  Professor  Huxley  in  1866,  and  are  figured  in  the  Tran$acticns 
of  th$  BoycU  Iri$h  Academy,  voL  zxiv.  Three  other  genera  are  mentioned  as  occurring  at  the 
same  colUery. 

t  Qwcart.  Jowm.  OeoL  Soc,  voL  viL  p.  18. 

{  Short  descriptions  of  these  coalfields  are  given  in  Hull's  Codlfieldt  of  Great  BrUaiH. 
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Upfbb  Group, 


•{'■ 


2. 


MiODLBOB 

Good  Coal 

Group. 

Lower  or 

gtf8ifbrou8 

Group. 
The  foesils  of  No. 


1. 


North  Awieriea, — According  to  Dr.  Dawion  the  Nova  Scotian  Guboniferoiis 
system  may  be  dirided  as  foUows  : — 

Greyish  and  reddish  sandstone  and  shales,  with  beds  of  con- 
glomerate, and  a  few  thin  beds  of  limestone  and  coaL 
8000  feet  and  more. 
Grey  and  dark-o<doared  sandstones  and  shales,  with  red  and 
brown  beds,  coal,  ironstone,  and  bitominons  limestooe. 
4000  feet  and  more. 
Red  and  grey  sandstones  and  conglomerates,  and  red  and 
green  marls  and  shales,  with  thick  beda  of  gypsum  and 
limestone.     6000  feet  and  more. 
1  consist  of  ProduettB,  TenbrtUukg,  Bncrinitea,  and  CSonds, 
etc.,  in  the  limestones,  many  analagous  to,  aoid  some  even  identical  with,  those  of 
the  Carboniferous  limestone  of  Britain.     Scales  of  HoUptytkiMB  and  PulmmJaau 
haye  also  been  discovered.     Lqnidodendrcn  and  other  plants  oecar  in  tbe  sand- 
stones.   In  No.  2,  StigwuLfitL,  SiffilUma,  and  other  genera  of  plants  occur  in 
abundance,  generically  identical  with  those  of  onrCoalnmeasores;  Cypris,  Modioia^ 
a  land-shell  {Pupa)^  the  oldest  air-breathing  mollusc  yet  known  ;  Ganoid  fish,  and 
three  species  of  Reptiles  also  are  known,  apparently  of  terrestrial  species.     In  No. 
8,  Calamites,  Ferns,  and  Coniferous  wood  are  found. 

Altogether  there  is  a  thickness  of  more  than  14,000  feet,  without  reaching  any 
exact  base,  or  arrlTing  apparently  at  the  very  highest  beds  of  the  series.  Tliere 
are  seventy-six  beds  of  coal,  of  which,  however,  most  are  only  one  or  two 
thick,  although  one  seam  sunk  through  by  Mr.  Henry  Poole  at  the  Albion 
Pictou,  was  found  to  be  about  forty  feet  thick.*  Some  of  the  beds  of  groop  1, 
consisting  of  sandstones  with  variegated  marls  and  gypsum,  and  a  few  beds  of  coal, 
were  seen  formerly  by  myself  in  Newfoundland,  on  the  south  shore  of  St.  George's 
Bay,  and  at  the  northern  extremity  of  the  Grand  Pond.t 

United  States. — Professor  Rogers  has  grouped  the  Carboniferous  Tocks  at  the 
United  States  as  under : — 

8.  Upper       r  Coal-measures,  alternations  of  Sandstones,  shales,  and  coals, 

Carboniferous  like  groups  2  and  8  of  the    Nova  Scotia  district,  but 

OR  Coal-      ^        thinning  out  westward,    so  as  to  be  only  8000  feet  in 

Mbasubb  Pennsylvania,  1500  in  the  Illinois  Basin,  and  not  more  than 

Group.         (^       1000  in  Iowa  and  Missouri. 

rlu  Pennsylvania,  soft  red  shales,  and  argillaceous  red  sand- 
stones, 3000  feet 
In  Vii^ia — 

c  Blue,  olive,  and  red  calcareous  shales,  with  thick  red  and 

brown  sandstone. 
5.  Light  blue  limestone,  sometimes  oolitic 
a.  Buff,  greenish,  and  red  shales,  with  sandstone. 
Total  thickness,  8000. 
In  the  Western  States — 

5.  Grey  and  yellow  sandstone. 

a,  Lig^t  blue  and  yellow  limestotte,^  1000  feet. 

(White,  grey,  and  yellow  sandstones,  alternating  with  coarse 
siliceous  conglomerates,  and  dark  blue  and  olivo^xdoared 
slates.  In  some  places  contains  black  carbonaceous  slate, 
and  a  bed  or  two  of  coal.  2000  feet  thick  in  Pennsylvania, 
thinning  out  to  nothing  in  the  north-west 

•  J)^waon*B  Aeadian  Otology.  f  Jakes'  Report  <m  Geology  qf  NevKfimmOamd. 

I  The  light  blue  limestone  mentioned  above  thickens  towards  the  south-west,  and  dl« 
away  to  the  north-east  in  Pennsylvania. 


2.  Middle 

Carboniferous 

Group. 
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The  fossilfl  in  group  No.  1  are  said  to  be  coal  plants  in  some  parts,  and 
maiine  remains,  crinoids,  and  molluscs,  in  otliers.  Those  of  Na  2  are  like  those 
of  No.  1  of  the  Nova  Sootia  district,  generically  identical  with  the  fossils  of  the 
Carboniferons  limestone  of  Britain.  Those  of  No.  8  are  in  like  manner  coal 
plants,  belonging  to  the  same  generic  forms  as  the  British,  but  with  many  local 
and  peculiar  si>ecies.  The  marine  beds  contain  corals,  shells,  and  Ashes,  and  the 
littoral  beds  show  the  tracks  of  reptiles  of  the  order  Labyrinthodontidse. 

IndiiL — Several  large  and  important  coalfields  exist  in  India,  as  those  oi 
Damoodah,  Talcheer,  Nagpur,  and  others.  There  is,  however,  much  doubt 
whether  these  are  really  of  the  Carboniferous  period,  since  they  contain  fossil 
plants  of  the  genera  Pecopteria,  Olossopteris^  Vertibraria,  Phyllotheea,  etc., 
which  are  believed  to  be  rather  of  Triassic  or  Oolitic  age  than  of  the  Carboni- 
ferous.* 

Australia, — There  are  large  formations  in  Australia  which  are  certainly  of 
Upper  Paleozoic  age,  consisting  of  sandstones,  shales,  and  limestones,  containing 
shells  of  the  genera  Producta,  Spirifera^  Leptama,  Orthonota,  Pecten,  Pterineoy 
Paehydomusy  Platyschiama^  BeUerc^ahon,  ConulariOy  stems  of  crinoids,  a  small 
trilobite,  etc.  etc.  Associated  with  these  rocks,  and  apparently  forming  the 
upper  part  of  them,  are  other  shales  and  sandstones  of  preciHely  similar  character, 
containing  good  beds  of  coal,  and  having  fossil  plants  of  the  genera  Olossopteris, 
TaeniopterxM,  Pecopteria,  Phyllotheca,  Vertebraria,  etc.,  precisely  like  those  of 
India.  These  coal-bearing  beds  are  accordingly  believed  by  some  persons  to  be 
of  much  later  date  than  the  beds  below  them,  which  contain  palsBOzoic  genera  of 
animal  remains.  I  certainly  could  see  no  reason  myself,  in  Tasmania  and  New 
South  Wales,  for  introducing  any  separation  among  these  beds,  which  seemed  to 
be  all  part  and  parcel  of  the  same  great  formation  of  pale  sandstones,  separated 
by  shales,  and  containing  calcareous  beds  in  the  lower  part,  and  coal  beds  in  the 
middle  part  of  the  formation.  In  New  South  Wales  the  beds  are  all  nearly 
horizontal,  and  the  section  quite  clear,  as  described  by  myself  in  a  paper,  of 
which  the  following  is  an  abetoictf 

5.  Dark  brown  shales,  with  impressions  of  plants   .  .J       j  more. 

4.  Sydney  sandstone,  thick  white  or  light-yellow  sandstone,  with  |  ^^  .^ 
quartz  pebbles  occasionally,  and  partings  of  shale     .  .  | 

8.  Alternations  of  shales  and  sandstones      ....     400  feet. 

2.  -  Shales  containing  two  or  three  good  beds  of  workable  coal,  6  feet )  200  to  800 
thick  .  .  .  .  .  .  .  I       feet. 

1.  Wollongong  sandstones,  thick  dark-grey,  reddish-brown  often  cal- 1        400 
careous,  with  laige  calcareous  concretions  .  (  and  more. 

This  is  only  a  part  of  the  series,  as  there  may  be  beds  below  No.  1,  and  others 
above  No.  5. 

The  characteristic  fossils  of  No.  1  are — Stenqpora  crinUa^  Producta  rugata^ 
Spirifera  tubradiaia,  S,  Stokesii,  AvictUOf  Pachydomut,  OrthanotOf  Pleurotomaria, 
Bellerophon,  etc  Those  of  Na  2  are — Olossopteris  Browniana,  Vertebraria 
Indiea^  Peoopterie  auetraUtf  PhyUotheca  austrcUis.  There  are  fish  said  to  have 
been  found  by  the  Rev.  W.  B.  Clarke  in  No.  8  or  5,  together  with  fragments  of 
plants.  No  fossils  have  yet  been  found  in  No.  4.  The  same  observer  has  written 
laiigely  on  the  structure  of  this  country.  It    He  proposes  the  names  of  Hawkes- 

*  See  V'Lpen  by  Dr.  T.  Oldham,  Mem.  OeoL  Survey  India^  vol  L  ;  and  by  Sir  C.  Bunbuiy 
in  Quart.  Joum.  OeoL  8oc,  voL  xviL  ;  Hislop  on  Indian  Plant-beds,  op.  eU.  vol  xi. 

t  See  Quart.  Jowm.  GeoL  Soc,  voL  iU. ;  also  Sketch  eS  Phye.  Structure  qf  Auetralia— 
Boone. 

I  QuarL  Jown.  Geol.  Soe.,  vols.  iv.  viii.  xvii  xviii  zxiL,  and  in  separate  publications. 
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bury  Sandstone  for  the  group  No.  4  of  the  above  section,  and  Waianamatta  Shaks 
for  group  No.  5.  The  city  of  Sydney  standa  on  beds  about  the  junction  of  4  and 
6,  so  that  the  coal  beds  of  Hunter's  River  and  Dlawarra  lie  underneath  it  at  a 
depth  of  about  1200  feet.  Mr.  Clarke's  Waianamatta  shales  form  the  sni&ce- 
rock  of  the  great  part  of  the  county  of  Cumberland,  the  Sydney  or  Hawkenbaiy 
sandstones  cropping  out  all  round  it,  both  along  the  coast  and  in  the  Blue  Moon* 
tain  range  in  the  interior,  and  the  coals  are  everywhere  found  a  little  below  the 
base  of  this  sandstone,  both  on  the  south  at  Illawarra,  on  the  north  at  Hunter's 
River,  and  in  the  gullies  of  the  Blue  Mountains,  according  to  Count  Strzeledu. 


CHAPTER  XXXIV. 

PBBMIAir  FBBIOD. 

In  the  examination  of  the  great  series  of  British  rocks,  a  large  group 
of  reddish-coloured  sandstones  and  marls  is  met  with,  lying  above  the 
Carboniferous  rocks,  similar  in  general  aspect  to  those  which  lie  below 
them.  These  red  sandstone  groups  were  called  the  Old  and  New  Red 
Sandstone.  Under  the  term  '^  New  Red  Sandstone  "  were  included  all 
the  red  strata  lying  between  the  Coal-measures  and  the  Lias.  The 
necessity  for  separating  these  strata  into  two  distinct  parts  was  recog- 
nised by  Sir  R  I.  Murchison.  This  separation  has  indeed  been  made 
so  vride  as  to  class  the  two  parts  in  different  epochs,  the  one  forming 
the  uppermost  of  the  Palaeozoic,  while  the  other  forms  the  base  of  the 
Mesozoic  series. 

North'  West  of  England, — The  Permian  beds  of  Lancashire  consist 
of  three  members — 1.  The  Lower  Red  Sandstone  ;  2.  Red  Marls,  with 
fossiliferous  and  thin  magnesian  limestones ;  3.  Upper,  or  St.  Bees 
Sandstone.  The  first  has  been  estimated  by  Professor  Harkness  to 
attain  at  Penrith  a  thickness  of  about  3000  feet ;  and,  as  shown  by 
Mr.  Binney,  is  well  developed  at  Manchester,  and  along  the  southern 
margin  of  the  Lancashire  coalfield.  The  second  beds  were  first  referred 
by  Mr.  Binney  to  the  Permian  series,  as  they  contain  fossils  of  the 
genera  Schizodus,  BakevdUoy  Trctgos^  etc.*  The  third  member,  so 
finely  developed  along  the  cliffs  of  St  Bees^  Head,  has  been  referred 
by  Sir  R  Murchison  to  this  formation,  though  formerly  considered  to 
be  of  Triassic  age. 

Durham  and  the  North-East  of  England. — Professor  Sedgwick  de- 
scribed the  rocks  of  Durham  as  follows : — t 

Feet 

6.  Red  gypseous  marls 100 

5.  Thin  bedded  grey  limestone 80 

4.  Red  gypseous  marls,  slightly  saliferons  200 

8.   Magnesian  limestone 500 

2.  Marl  slate 60 

1.  Lower  red  sandstone 200 

*  Mem.  LU.  and  PhiL  Soe.  MaiuhuUr,  vol.  xlL 

t  Tnuw.  GtU,  Soe.  toL  iii.  See  also  the  vol.  of  the  Palnoutographical  Society  on  Per- 
hiian  Fossils,  by  Professor  W.  King,  1848 ;  and  an  excellent  paper  on  the  Permian  rocks  of 
South  Yorkshire,  by  Mr.  Kirkby,  Quart.  Jcmm.  GtoL  Soe.,  voL  xrU. 
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Of  these.  No.  1  is  the  same  as  the  Rothe-todte-liegende  of  Gentunj ; 
No.  S  is  ideotical  with  the  Eupfer  Schiefer,  amtaiaing  many  of  the 


same  peculiar  ipedea  of  fish  ;  and  the  beds  abore  may  be  eqoallf 
paralleled  with  the  Zechstein  and  Bunter  Schiefer. 

1.  The  Iiower  Bed  S&ndatoiie  is  a  verj  irregolaT  deporit,  lyisg 
nnconfoimablj  on  the  Coal-measares,  and  in  hoUowH  eroded  in  thai 
surface.  Nevertheless  it  contains  plants  of  the  same  species  as  those  of 
the  Coal-measures. 

8.  The  Xarl  Blale  is  a  brown  indurated  fissile  shale,  with  ma- 
clonal  beds  of  thin  compact  limestone. 

Characlerutie   Fouilt. — Planli ;    Neoropteru   Hnttimiuis  ;    Csnlarpitss  nlsgi- 

BnuAiepoda  ;  langalu  mytiloidea  ;  Discins  nitlda  ;  Products  ind  Spirifens. 
FiA  :  Palsoniaciu  tlcguis,  P.  comptiu  (Fom.  gr.  20  c),  F.  gUphynu,  etc. ;  Fbtf- 

Bomiu  mKTnrus  ;  Acrolepii  Sedgwickii ;  Pf  gopt<nu  maodilniUds,  M. ; 

Oslicanthua  granulniu  (Fom.  gr.  20,  b). 
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3.  The  HftguMUa  Umestons  is  a  smgutaiij  divendfied  ma/u  of 
limeatonra,  aometimeB  compact,  at  othera  ciyatalline,  brecciated,  earthy, 
globular,  oolitic,  cellular,  etc  ;  some  beds  like  pUm  of  c 


a.  Sjnofllidla  Tlrgnluea. 
i,  FeDBtelli  ntiTDRBU. 
e  Products  horridL 


jku  KienKbgtliu  trnuiMlrteiu. 

ket  balls,  others  like  bunches  of  grapes,  etc. ;  some  very  haid,  some 
quite  friable,  some  thin  and  flexible.  Oeneial  colour  shades  of  yellow, 
sometimes  red  and  brown. 

Its   characteristic  fossils  an   numerous,  the   following    being  a 
selected  list .- — 


Pbmi*. 


Voltri«  Phillipsil  . 
Polfcfclia  prorunda  . 
Penestells  plebela  (retlfonnis) 

Synocladu  vl>{[al>c«a 
ThBrnniacas  duhiiu     . 
CamaroplioriB  crumoDft  (Schlothi 
FnidacU  honidk 
Bpiriferina  crigtata 


Lind.  Fou.  flo.  19S. 
Pal  Soc.  King,  and  Ed. 
Fow.  gr.  21,  b. 
Fou.  gr.  21,  a. 
King,  Per.  fix*. 
)  Fo«.  gr.  21,  d. 
Fou.  gr.  21,  c 
'King,  Per.  fon. 
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Brachicpoda 
Conehifera 


Gasteropoda 


Cephalopoda 
Fish     .     . 


Strophaloda  Gtoldfassii 
Monotis  (Avicula)  speluncaria 
Axinos  obscuros 
— ^—  tnincatus 
Bakevellia  antiqua     . 
Caidiomorpha  modioliformis 
Pleurophoms  costatus 
Schizodus  Schlotheimi 
Eaomphalas  Permianns 
Lozonema  fasciatum  . 
Macrocheilus  symmetricus 
Natica  Leibnitziana  . 
Plenrotomaria  antrina 
Nautilus  Bowerbankianus 

Frieslebeni  . 

Platysomos  striatus   . 


King,  Per.  foss. 

Ibid, 

Ibid, 

Ibid. 
Foss.  gr.  21,  e. 
King,  Per.  foss. 
Foss.  gr.  21,/. 
King,  Per.  foss. 

Ibid. 
Foss.  gr.  21,  g. 
Foss.  gr.  21,  h. 
King,  Per.  foes. 

Ibid. 

Ibid. 

Ibid. 
Foes.  gr.  20,  a. 


Midland  Counties  of  England. — The  magnesian  and  other  limestoDes 
of  the  Durham  section  die  away  towards  the  south,  and  finally  di»ippetr 
near  Nottingham.  There  is,  however,  in  Warwickshire,  Staffordshire, 
and  Shropshire,  a  great  series  of  beds,  occupying  the  same  relatiye 
position  between  the  Coal-measures  and  the  TVias,  or  New  Bed  Sand- 
stone proper,  as  may  be  seen  from  the  section  in  Fig.  160,  which 


Fig.  160. 

Dlagramiiiatio  section  across  the  Clent  Hills,  900  feet  high,  from  the  south  end 
South  Staffordshire  cnalfleld  to  the  Idas  of  Worcestershire. 

Oolitic— i.  Lias— 

f  (h.  Red  marls,  with  salt  end  gypsum 

$     Jg.  Lower  Kenper  sandstone ;  white  freestone  with  thin  brown 
g      I  sandstone  and  marl,  and  a  base  of  breoda  or  conglomerate, 

M      I  sometimes  calcareous 

^     ff.  Soft  bright  red  and  mottled  sandstone 

^      J  e.  Pebble  beds  ;  uncompacted  conglomerate  of  pebbles  of  quartz 

rock,  yarying  from  150  to 

d.  Soft  brick  red  sandstone,  vaiTing  from  0  to 

Trappoid  breccia 

Red  marls  and  sandstones,  with  thick  comstone  bands 
a.  Coal-measures. 


^ 


V 


Permian .    . 
Carboniferous. 


{t. 


of  the 
Feet 

sot 


200 
500 

900 
&&0 
450 
400 


exhibits  the  whole  series  of  beds  which  in  that  country  intervene 
between  the  top  of  the  Coal-measures  and  the  base  of  the  Idas.  The 
diagram  is  constructed  partly  from  Sheet  23  of  the  Horizontal  Sections 
of  the  Geological  Survey.  The  parts  belonging  to  the  Permian  group 
are  those  called  b  and  c. 

The  marls  in  group  b  are  often  remarkable  for  their  deep  blood-red 
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character,  and  some  of  the  sandstones  are  likewise  dark  red.  The 
comstones  are  quite  like  those  of  the  Old  Red  Sandstone,  and  were  at 
one  time  believed  to  belong  to  it ;  one  of  the  earliest  descriptions  of 
the  comstone  of  the  Old  Red  Sandstone  being  taken  in  fact  from  these 
beds.  The  trappean  breccia  c  consists  in  some  parts  so  entirely  of 
loose  angular  fragments  of  a  porphyritic  trap  that  it  was  believed  to  be 
merely  the  superficial  debris  derived  from  the  solid  trap  rock  beneath. 
In  other  parts,  however,  it  contains  square  slabs  and  angular  fragments 
of  Llandovery  sandstone,  and  other  fragments,  so  that  Professor  Ramsay 
believes  that  some  of  them  must  have  been  transported  by  ice.  * 

A  more  complete  section  of  the  Permian  series  is  exhibited  in  the 
EnviUe  district,  Shropshire,  where  the  series  attains  a  thickness  of 
1500  feet,  consisting  of 

1.     Upper  red  and  purple  sandstones  and  marls. 
Q   J  a.  Unconsolidated  breccia  and  marls. 
'  (  b.  Calcareoas  conglomerates,  sandstones  and  marls. 
8.  Lower  red  and  purple  sandstones. 

The  whole  of  these  beds  are  repeated  by  a  large  fault,  and  thus 
appear  to  be  twice  their  actual  thickness. 

The  Permian  strata  of  Central  England  and  Shropshire  belong  in 
all  probability  to  the  "  rothe-todte-liegende,"  or  lower  division  of  the 
formation.  They  are  described  in  detail  in  several  memoirs  of  the 
Geological  Survey,  and  more  recently  in  one  by  Mr.  E.  HulLf 

Ireland. — The  red  sandstones  of  Rhone  Hill,  near  Dungannon, 
Tjrrone,  containing  abundance  of  Pcdatoniscus  catopteruSy  are  probably 
Permian.  Yellow  magnesian  limestones,  exactly  like  those  of  Durham, 
and  with  many  of  the  characteristic  fossils  previously  mentioned,  occur 
in  patches  at  Ardtrea,t  County  Tyrone,  and  blocks  of  it  have  been 
found  on  the  shore  at  Ciiltra,  near  Holywood,  Belfast. 

Scotland. — Several  detached  areas  of  red  sandstones  referred  to  the 
Permian  series  occur  in  Scotland.  Of  these  the  largest  are  found  in  Dum- 
friesshire, l3ring  unconformably  upon  Lower  Silurian  and  Carboniferous 
rocks.  Their  lower  beds  are  sometimes  breccias  of  the  underlying 
rocks,  and  in  some  of  the  sandstones  abundant  reptilian  footprints 
have  been  found.  In  Ayrshire  an  area  of  similar  red  sandstones 
spreads  over  the  Coal-measures,  and  exhibits  at  its  base  some  thick  beds 
of  porphyrite  and  melaphyre,  with  trap-tuff.  Similar  volcanic  rocks 
occur  at  the  base  of  the  Permian  sandstones  of  the  Nith  Valley,  above 
Thomhill.     Connected  with  these  remains  of  Permian  igneous  action 

*  Qfuu-L  Joum.  GtoL  Soc  yoL  zi.  p.  186 ;  and  MemM.  Gtol  Swrv.,  South  Stajfordikirt  Coal- 
>U,  3d  edit. 

i  On  the  Permian  and  TriassU  Rodes  of  the  Central  Counties,  1809. 

t  See  Professor  King's  paper  {Dublin  Nat.  Hist.  BevUw,  No.  x.X  or  Jourrud  of  (he  Geologi- 
cal Society,  Dublin,  vol.  yii 

2  B 
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are  numeroas  **  necks  "  of  trappean  agglomerate,  which,  ascending  yer- 
tically  through  the  older  rocks,  mark  the  position  of  volcanic  vents.* 

Volcanic  Bocks  of  Permian  Period  in  Britain. 

The  volcanic  rocks  associated  with  the  red  sandstones  of  Ayrshire 
and  Nithsdale,  just  referred  to,  are  the  only  examples  yet  known  of  in 
the  Permian  system  of  Britain.  They  consist  of  dark  porphyrites  and 
melaphyres,  often  very  slaggy  and  amygdaloidal,  dispos^  in  gently 
inclined  beds  and  interstratified  with  and  covered  by  red  gravelly  trap- 
tuffs  and  ashy  sandstones.  The  tuff  is  so  intimately  associated  with 
the  sandstone  that  their  contemporaneous  origin  is  evident,  while  the 
amygdaloidal  rocks  have  the  characters  of  'true  lava-flows.  Bound  the 
outside  of  the  Permian  volcanic  outlier  of  Ayrshire,  the  Carboniferous 
rocks  are  pierced  with  numerous  ''  necks,'*  and  similar  traces  of  vol- 
canic orifices  are  found  at  intervals  across  the  country  even  into  Fife. 
It  is  possible  that  the  later  unconformable  volcanic  rocks  of  Arthui's 
Seat,  at  Edinburgh,  may  belong  to  this  Permian  series,  f 

In  Germany  the  Permian  sjrstem  abounds  in  large  associated 
masses  of  melaphyre,  and  trappean  breccias  and  conglomerates.^ 

Foreicpi  IiooalitieB. 

When  Sir  R.  I.  Murchison  and  his  colleagues  examined  Russia  and  the  Ural 
MonnUins,  they  found  a  great  series  of  **  grits,  sandstones,  marls,  conglomerates, 
and  limestone,  sometimes  enclosing  great  masses  of  gypsum  and  rock-salt,*'  orer* 
lying  the  Carboniferous  rocks,  but  beneath  the  Trias,  and  occupying  the  district 
which  formed  the  ancient  kingdom  of  Perm.  He  proposed,  therefore,  the  name 
of  the  Permian  rocks  for  them. 

The  lower  part  of  this  deposit  agreed  with  the  red  beds  which  in  Germany  had 
received  the  name  of  the  "rothe-todte-liegende,"  or  red  dead-layers.  These  were 
called  "  dead  "  because  the  copper  which  was  worked  in  the  beds  above  them  died 
out  as  the  miners  came  into  these  beds  below.  These  lower  red  beds  swell  out  in  the 
Thuringerwald  to  a  thickness  of  4000  feet,§  though  this  must  be  taken  as  a  mere 
local  exception  to  their  general  dimensions. 

Above  them  are  certain  beds  of  dark  shale,  with  copper  ore,  hence  called  Knp- 
fer-Schiefer,  and  over  that  a  limestone  called  the  Zechstein,  which  passes  up  into 
a  red  and  mottled  marl,  called  the  Bunter-Schiefer. 

The  section  there  is — 

4.  Bunter-Schiefer. 

8.  Zechstein. 

2.  Eupfer-Schiefer  and  MergeL 

1.  Rothe-todte-liegende. 

*  See  Geikie,  Geol.  Mag.  vol  til.  p.  245. 

t  Ibid.  p.  243.    Explanation  to  Sheet  14  of  the  Geological  Survey  of  Scotland,  p.  22. 

t  See  Naumann's  Lekrhuck;  Senft's  Ctam^ficcMon  dtr  FtUarten,  tab.  L  etc. 

I  SUwia,  p.  833. 


Keuper. 


CHAPTER  XXXV. 

n.  SECONDARY  OR  MESOZOIC  PERIODS. 

TBIASSIO   OB  NBW  BBD   SAITDSTONO  FXBIOD. 

The  term  Trias  is  a  continental  one,  as  in  Germany  and  the  borders  of 
France  the  rocks  deposited  during  this  period  formed  three  well-marked 
groups.  The  contemporaneous  rocks  in  Britain  were  called  New  Red 
Sandstone,  under  which  term,  however,  were  included  at  one  time 
those  which  have  just  been  described  as  Permian. 

In  our  own  country  it  is  certain  that  the  series  is  deficient  in  the 
central  division  or  Muschelkalk  of  (Germany.  The  beds  we  have,  how- 
ever, are  divisible  into  the  following  groups.* 

Avenge  Thickness. 

6.  Red  marls,  with  rock  salt  and  g3^p8um   .         .  1000  feet. 
5.  Lower  Reaper  sandstone,  with  thin  sandstones 

and  marls  (Waterstones)    ....  250    ,, 
4.  Dolomitic  conglomerate. 

8.  Upper  red  and  mottled  sandstone  .         .         .  800    , , 

Bunter.    •{    2.  Pebble  beds  or  nncompacted  conglomerates    .  800    ,, 

1.  Lower  red  and  mottled  sandstone  .         .         .  250    „ 

The  thicknesses  given  above  may  be  considered  an  average  for  the 
midland  counties,  but  in  Cheshire  and  South  Lancashire  the  formation 
attains  much  larger  proportions,  as  ascertained  by  the  officers  of  the 
Geological  Survey  ;  and*  from  this  district  the  beds  thin  away  towards 
the  south-east,  so  that  in  the  neighbourhood  of  Warwick  the  whole  of 
the  BuDter  Sandstone  has  disappeared,  and  the  Keuper  beds,  themselves 
much  reduced,  rest  directly  on  the  Carboniferous  or  Permian  formations. 
The  subdivisions  are  remarkably  uniform  in  character,  except  in  the 
case  of  the  pebble-beds,  which  in  the  north-west  form  a  light  red 
pebbly  building  stone,  but  in  the  central  counties  become  generally  an 
unconsolidated  conglomerate  of  quartzose  pebbles. 

The  Keuper  series  is  introduced  by  a  breccia  or  conglomerate  often 
calcareous,  passing  up  into  brown,  yellow,  or  white  freestone,  and  then 
into  thinly  laminated  sandstones  and  marls,  with  reptilian  footprints, 
etc  (Waterstones).  These  are  ultimately  surmoimted  by  the  Red  Marl 
series.  These  red  clays  or  marls  contain  frequently  beds  of  gypsum,  and 
sometimes  beds  of  rock-salt,  which  are  often  as  much  as  80  or  100 

*  Hall,  Brit.  Ataoc  Bep.  1854, -p.  80. 
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feet  in  thicknefis.  These  are  worked  largely  in  the  centre  of  Cheshire, 
and  have  also  been  pierced  at  the  opposite  side  of  the  island,  at  the 
mouth  of  the  Tees  ;  and  in  Ireland  at  Duncrae,  near  Carrickfeigns, 
County  Antrim.  The  brine  springs  of  Droitwich  in  Worcestershire,  of 
Shirleywych  in  Staflfordshire,  and  other  places,  are  .derived  from  such 
beds.  Near  North wich,  in  Cheshire,  the  following  section  shows  a  part 
of  the  thickness  of  these  beds.  „  ^ 

Feet 

Upper  strata  (marl,  etc.) 127 

let  bed  of  rock-salt 85 

Indurated  marl  (locally  called  Stone)        ....  SO 

2d  bed  of  rock-Mdt 106 

Indurated  nutrls,  with  thin  beds  of  rock-salt    .        .         .        151 

499 

Over  this  thickness  of  500  feet  are  other  beds  of  marl,  etc,  before 
we  reach  the  base  of  the  Lias,  and  under  it  are  other  marls,  so  that 
the  entire  depth  of  this  group  must  be  considerable.*  Section,  Fig. 
160,  p.  608,  deduced  from  the  maps  and  sections  of  the  Geological 
Survey,  shows  these  beds  as  they  occur  in  North  Worcestershire,  to  the 
southward  of  the  South  Sta£fbrdshire  coalfield.  They  rest  here  upon 
the  Permian  trappean  conglomerates  <;,  and  after  dipping  gently  to  the 
south  for  some  miles,  are  finally  covered  by  the  base  of  the  Lias  i.  In 
this  section  the  pebble-beds  of  the  Bunter,  «,  rest  directly  on  the 
Permian  c,  but  a  subdivision,  d^  is  introduced  beneath  them,  to  re- 
present the  Lower  red  and  mottled  sandstone  ;  as  in  North  Stafford- 
shire, it  occurs  with  a  thickness  of  500  feet.t 

Ireland, — The  section  in  the  north  of  Ireland  is  as  follows  :  — X 

Red  marls,  with  gypsum 500 

Bed  salt 22 

Marl  and  salt 26 

Pure  rock-ealt 84 

Mixed  rock-salt 14 

Pure  rock-ealt 39 

Blue  bands  and  freestone,  etc 25 

710 


These  have  other  beds  of  red  marl  above  them,  about  100  or  150 

*  Bee  Ormerod  (Quari.  Jowm.  QuL  Soc  toL  W.X  who  gives  the  foUowing  sectioo  tnm 
Cheshire: — 

Red  saliferous  and  gypseous  marls        .....  TOOfeeti 

Waterstones  ........  400    „ 

Banter        .........  600    „ 

1700 
t  Horimmt,  Sect  o/CfMl  Survty,  No.  64.  == 

X  Bee  paper  by  Mr.  J.  B.  Doylo,  J<mm.  Gtol.  Soc  Dub.,  vol  t. 
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feet  thick,  over  which  is  the  base  of  the  Lias.  Underneath  these  red 
marl  beds  of  the  valley  of  the  Lagan  occur  red  sandstones  belonging  to 
the  Banter  series,  which  have  been  sunk  into,  near  Lisbom,  in  search  of 
water,  for  a  depth  of  over  500  feet,  without  reaching  their  base. 

Scotland, — No  definitely  marked  representatives  of  the  Trias  have 
yet  been  ascertained  in  Scotland.  Some  portions  of  the  yellow  sand- 
stones of  Elgin,  formerly  classed  as  Old  Red  Sandstone,  and  in  which 
reptilian  remains  {Telerpetany  Stagonolepis,  and  HyptrodapedorCj  occur, 
have  more  recently  been  referred  to  the  Trias,  not  from  any  strati- 
graphical  evidence,  but  solely  on  account  of  the  high  grade  of  these 
organic  remains,  and  because  Hyperodapedon  has  been  found  in  the 
Trias  of  England.  It  seems,  however,  exceedingly  doubtful  whether 
this  reference  is  justifiable.* 

Avionla  Oontorta  Zone,  or  BhsBtio  or  Fenarth  Beds. — ^Dr.  Wright 
of  Cheltenham  has  described  as  the  uppermost  part  of  the  Keuper  some 
beds  in  the  south  of  England  that  had  hitherto  been  classed  with  the 
Lias.t  They  are  perhaps  properly  intermediate  between  the  two,  and 
are  certainly  contemporaneous  with  the  ''  Kossener  schichten"  of  Suess 
(or  Upper  St.  Cassian  of  Escher  and  Merian).  They  may  be  well  seen 
at  Garden  Cli£f,  near  Westbury-on-Sevem,  and  at  Aust  and  Penarth  on 
the  coast  of  Qlamorganshire,  where,  above  the  red  and  variegated 
marls  of  the  ordinary  Red  Marl  series,  there  is  a  conspicuous  set  of 
black  and  dark  grey  shales  about  35  feet  thick,  containing  the  Bone- 
bed,  and  capped  by  the  grey  RhsBtic  and  the  Lias  Limestones,  with  Am- 
moniUs  planorbU,  In  Staffordshire,  north  of  Abbotts  Bromley,  they 
were  visited  by  myself  in  the  year  1849,  and  afterwards  mapped  by 
my  colleague  Mr.  H.  H.  HowelL 

These  beds  have  been  traced  across  England,  at  the  outcrop  of  the 
Keuper  Marls,  through  the  counties  of  Dorset,  Somerset,  Gloucester, 
Worcester,  and  Warwick,  to  Lincolnshire.  The  general  section  of  these 
beds  may  be  briefly  described  as  consisting  (in  descending  order),  from 
the  base  of  the  Lias  proper,  as  follows  : — 

"  White  Lias  "  (of  William  Smith),  composed  of  a  series  of  white  or 
cream-coloured,  more  or  less  argillaceous  limestones,  and  often  exhibit- 
ing at  the  top  one  or  two  hard  and  compact  smooth-grained  beds, 
resembling  lithographic  stone  in  texture  and  colour,  to  which  the  name 
"  Sun  Bed"  was  given  by  William  Smith.  This  bed  is  very  persistent 
in  Somersetshire.  At  or  near  the  base  of  the  White  Lias,  where  that 
series  is  developed,  comes  the  well-known  ''  Landscape  Marble"  of 
Gotham,  near  BristoL  In  Gloucestershire  (north  of  Bristol),  where  the 
"  White  Lias*'  has  almost  thinned  out,  the  Gotham  Marble  was  taken 
as  the  upper  limit  of  the  Rhsetic  series  by  Mr.  Bristow  in  his  survey 
of  the  district    Bivalves  are  the  most  abundant  fossils  met  with  in  the 

*  See  ante,  p.  608.  f  Qnart.  Jowm.  OeoL  Soe.  Xf\. 
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White  Lias.  Ostnxa  Liasiica  occurs  in  great  numbers  at  the  junction 
of  the  Rh»tic  beds  and  the  Lower  Lias  ;  and  is  also  met  with,  occa- 
sionally, in  the  uppermost  part  of  the  White  Lias.  The  White  Lias  is 
frequently  used  as  road  metal,  in  the  construction  of  walls,  and  for 
ornamental  building  purposes.  Ammonites  and  Belemnites  are  alto- 
gether absent  from  the  RhsBtic  series,  but  appear  in  great  numbers  in 
the  overlying  Lias. 

Beneath  the  White  Lias  come  the  black  paper-shales  with  Avicula 
contorta  and  Cardium  Rhceticum,  Herein  is  the  Bone-bed,  or  in  some 
cases  Bone-beds,  when  two  or  three  thin  occasional  layers  of  a  tough 
greenish  siliceous  limestone  occur,  with  iron  pyrites,  and  numerous 
scales,  teeth,  bones,  and  coprolites  of  Fish  and  Saurians,  so  well  known 
to  the  collectors  at  Aust  Cliffl  Besides  the  Bone-beds,  the  black  papei^ 
shales  contain  several  thin  and  occasional  layers  of  hard,  blue,  fissile 
Limestone,  with  abundant  Pecten  Vahniensisy  Cardium  RhcBticum,  and 
other  fossils. 

The  third,  or  lowest  of  the  three  stages  into  which  the  Rhsetic  aeries 
may  be  divided,  consists  of  a  greater  or  less  thickness  of  alternations  of 
hard  and  soft  grey  or  greenish  marls,  generally  without  fossils,  and 
passing  almost  imperceptibly  into  the  variegated  red  marls  of  the 
Keuper,  to  which,  in  common  with  the  middle  division  containing  the 
Bone-bed,  they  seem  to  be  more  nearly  allied  than  to  the  Lias ;  while, 
on  the  other  hand,  the  "  White  lias"  appears  to  be  more  closely  related 
to  the  Liassic  series. 

In  several  localities  an  eroded  surface  has  been  noticed  in  the  upper- 
most bed  of  the  White  Lias,  and  traces  of  the  borings  of  marine  ^eUs 
have  also  been  detected,  which  would  show  a  ^'  break"  or  lapse  of  time 
between  the  latest  deposition  of  the  Rheetic  and  the  first  earliest  traces  of 
the  Lias  in  this  count^.  Moreover,  the  sudden  appearance  of  Ammonitei 
and  Belemnites  in  the  Lower  Lias  is  another  point  which  tends  to  dis- 
tinguish these  beds,  and  possibly  implies  the  occurrence  of  a  consider- 
able time  to  allow  for  such  a  change  of  conditions  as  would  be  suitable 
for  the  incursion  of  these  Cephalopods  into  the  Liassic  seas. 

At  the  westernmost  extension  of  the  Rhsetic  beds  (between  Bridgoid 
and  Pyle  in  Qlamorganshire)  a  marked  lithological  change  in  the  lower 
beds  has  taken  place  : — Sands  and  sandstones  with  Pullastra  arenta>ia, 
etc,  replacing  the  equivalent  beds  in  other  localities,  denoting  that  they 
were  deposited  in  shallower  water,  nearer  the  maigin  of  the  then 
existing  coast.  These  sandy  beds,  with  Pullastra  arenicola,  have  lately 
been  traced  by  Mr.  H.  B.  Woodward,  in  one  or  two  places,  on  the 
Mendip  Hills  of  Somersetshire,  where  also  the  Lias  itself  has  undergone 
a  very  curious  siliceous  modification. 

The  RhsBtic  series  varies  much  in  different  localities,  both  in  general 
thickness  and  in  detail.     The  name  of  ^  Penarth  Beds'*  has  been  given 
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to  thiiB  series  in  England  by  Mr.  H.  W.  Briatow,  at  the  roggestion  of 
Sir  Boderick  I.  MurchisoD.  This  name  was  considered  appropii&te  to 
denote  the  British  eqnivaleats  of  tli£  continental  Rheetic  series,  tnm 
the  well-deTeloped  and  striking  aectiona  of  the  beds  which  may  be  seen 
in  the  diffi  forming  the  bold  headlands  of  Fenarth  Roads  on  the  coast 
of  GlamoTganshiie.  Their  maiim  am  thickness  cannot  anywheie  exceed 
100  feet.» 

The  Rhtetic  beds  are  also  represented  in  the  north  of  Ireland  at 
Lisnagrib  and  Derrymore,  by  dark  shales  and  grits,  with  some  of  the 
cfaaiacterietic  fossils  of  the  gronp  ;f  also  at  Colin  Qlen  near  Belfast, 
Woodbom  near  Canickfei^s,  and  Whitehead  near  Lame. 


i 


Fonll  Onwp  No,  22.— Ttlutlo  VouUi. 

a.  Footpiliiti  or  I^bTHnUudDD  gtpntenm.  e.  Tooth  of  IdbrrinUiadOD  gigulaBiiL 

b.  HeuloriAbnlnClicidoagi^iiteiua.  d.  Dlptenmotiu  cjrpbai. 

Charaeta-ittic  FoaiU. — Vety  few  fossils  have  been  found  in  any 
part  of  the  New  Red  Sandstone  of  the  British  islands.     Tracks,  how- 

*  Bm  Brlstow  in  Bepori  <4  0*  Uaaii\g  qf  At  BrUltk 
GtoUltiaii  Manaihu,  VOL  t,  p.  t34. 

t  Ganml  Portlock'i  Bcport  «i  LotidmitrTf,  ato.,  p.  1 
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ever,  of  several  kinds  of  reptile  have  been  found — among  others,  those 
of  the  one  formerly  called  Cheirotherium,  from  the  likeness  of  its  foot 
to  the  human  hand,  but  since  naiyed  Labyrinthodon,  from  the  stractore 
of  its  tooth.  These  impressions  have  been  met  with  also,  I  believe,  in 
Permian  sandstones.  Fig.  a  in  the  Fossil  Qroup  22  is  a  reduced  repre- 
sentation of  these  foot-tracks,  b  and  c  being  the  skull  and  tooth  of  the 
animal  supposed  to  have  caused  them.  Other  tracks  were  exhibited 
from  some  of  the  sandstones  of  Staffordshire,  by  the  Rev.  W.  Lister  of 
Bushbury,  at  the  meeting  of  the  British  Association  at  Oxford  in  1 860. 
Fragments  of  fossil  wood  are  often  found  in  the  sandstones,  interstrati- 
Aed  with  the  red  marls  of  the  Keuper,  and  the  fossil  fish  figured  in 
Foss.  Or.  22,  d,  was  procured  from  the  same  beds,  and  described  by  Sir 
P.  Egerton.*  Hyhodus  Keuper inui  also  may  be  mentioned  as  found  in 
these  beds,  and  the  teeth  of  the  mammalian  Microlestes  found  near 
Frome,  by  Mr.  C.  Moore,  in  a  fissure  in  Carboniferous  Limestone,  the 
contents  of  which  are  supposed  to  be  of  Rhsetic  age. 

The  following  fossils  are  characteristic  of  the  Rhsatic  or  Penarth 
series : —  t 

Conchifera      Avicula  contorta  .         .         Port  G.  R.,  t.  25,  a. 

Caidium  RhaeUcum   .         .         .         ?  PhilL  G.  Y.,  t.  11,  fig.  7. 

Modiola  minima         .         .         .         Sow.  M.  C,  210. 

MonotiB  (Avicula)  decuasata       .         Groldfuss. 

Ostraea  Liassica. 

intusstriata. 

Pecten  Valouiensia    .         .         .         Port  G.  R,  t  25,  a. 

PoUastra  arenicula. 
Cruttacea  .     Estheria  minuta,  var.  Brodieana.  Geol.  Tr.,  toL  v.  t  28. 

Fish    .     .      Acrodtis  acutus  and  A.  minimus       ") 

Oeratodus  altus,  and  five  others 

Hybodus  minor,  and  four  others       >  Agassiz. 

Nemacanthus  monllifer      .         .       I 

Saurichthys  apical  is  ...      J 

Ilia  and  Position  of  the  New  Bed  Sandstone  of  the  British  Tslandi. 
— The  red  rocks  just  described  rest  quite  unconformably  and  indis- 
criminately upon  all  or  any  of  the  groups  of  rocks  mentioned  in  the 
previous  chapters.  The  PalsBOzoic  rocks  of  the  British  Islands  had  been 
tilted,  contorted,  and  fractured,  in  various  directions,  and  had  suffered 
repeatedly  and  enormously  from  denudation,  before  the  deposition  of 
the  New  Red  Sandstone,  The  broken  and  varied  surface  which  the 
Palsdozoic  rocks  generally  possess  had  been  produced  on  them,  either 
completely  or  very  approximately,  before  this  time.  The  New  Red 
Sandstone  reposes  upon  this  surface  usually  in  a  horizontal  or  slightly 
inclined  position,  thickly  where  that  old  surface  is  deeply  buried,  more 
thinly  as  it  rises  towards  the  present  surface  of  the  ground.     Where 

*  Quart.  Journ.  Geol.  Soc,  voL  x. 
t  See  also  Mr.  C.  Moore's  paper  on  these  beds,  Quart,  Joum.  OeoL  Soc,  voL  xviL 
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the  Palffiozoic  locks  rise  out  of  it  into  hills  or  mountains,  the  New  Red 
Sandstone  sweeps  round  their  margin  with  a  flat  or  gently  undulating 
surface.  In  many  cases  the  New  Re(^  Sandstone  ends  abruptly  against 
the  Pal£80zoic  ground,  either  from  having  been  deposited  against  a 
cliff  of  the  older  rocks,  or  from  its  having  been  made  to  abut  against 
them  by  subsequent  large  dislocations.  The  New  Red  Sandstone 
thus  surrounds  the  great  Pennine  chain  of  the  north  of  England,  from 
Lancashire  through  Cheshire  into  Shropshire,  Staffordshire,  Leicester- 
shire, and  Nottinghamshire,  and  runs  down  the  vale  of  York  to  the 
coasts  of  Durham.  It  bounds,  in  the  same  way,  the  Palsoozoic  rocks  of 
Wales  from  the  mouth  of  the  Dee  to  that  of  the  Severn,  and  runs 
thence  through  Somerset  and  Devon  to  the  mouth  of  the  Exe. 

If  we  draw  a  slightly  sinuous  line  from  the  mouth  of  the  Tees 
through  the  centre  of  England  to  the  mouth  of  the  Exe,  we  should,  as 
remarked  by  Dr.  Buckland  in  his  Bridgewater  Treatise,  divide  England 
into  two  totally  dissimilar  parts,  in  which  the  form  and  aspect  of  the 
ground,  and  the  condition  and  employments  of  the  people,  were  alike 
contrasted  with  each  other.  The  part  to  the  north-west  of  this  line  is 
chiefly  Palaeozoic  ground,  often  wild,  barren,  and  mountainous,  but  in 
many  places  full  of  mineral  wealth  ;  the  part  to  the  south-east  of  it  is 
Secondary  and  Tertiary  ground,  and  generally  soft  and  gentle  in  out- 
line, with  little  or  no  wealth  beneath  the  soiL  The  mining  and  manu- 
facturing populations  are  to  be  found  in  the  first  district,  the  working 
people  of  the  latter  are  chiefly  agriculturists. 

In  Ireland  the  lie  and  position  of  the  New  Red  Sandstone  are  very 
interesting  and  characteristic.  If  the  reader  will  place  before  him  the 
north-east  part  of  Sir  R  Qriffith's  excellent  geological  map  of  Ireland, 
he  will  see  that  the  New  Red  Sandstone  is  confined  to  the  County 
Antrim  and  its  immediate  borders.  If  he  will  follow  with  his  eye  the 
boundary  of  the  formation,  he  will  see  all  the  PalsDOzoic  rocks  coming 
out  from  underneath  it  in  different  places.  The  metamorphic  and 
granitic  rocks,  partly  covered  by  Old  Red  Sandstone,  rise  from  under 
it  in  Londonderry,  striking  north-east  and  south-west,  that  strike  being 
continued  beneath  the  New  Red  Sandstone,  as  appears  by  the  occur- 
rence of  the  same  rocks  in  the  north-east  comer  of  Antrim,  near  Cushen- 
dall,  where  the  upper  rocks  have  been  subsequently  removed  from 
them.  Farther  soudi,  about  Dungannon,  different  portions  of  the  Car- 
boniferous rocks  come  to  the  surface  from  beneath  the  New  Red  cover- 
ing, while  along  the  south-east  side  of  the  valley  of  the  Lagan  we  find 
the  dark  slates  and  grits  of  the  Lower  Silurian  formation  rising  from 
beneath  it  Just  on  the  south-east  side  of  Belfast  Lough,  however, 
between  Cultra  and  Holywood,  the  lowest  of  the  Carboniferous  rocks 
appear,  resting  unconformably  on  the  Lower  Silurians,  but  dipping  at 
a  high  angle  to  the  north-west  beneath  the  waters  of  the  LougL 
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On  the  opposite  shore  the  New  Red  Sandstone  and  superior  beds 
lie,  as  usual,  in  a  nearly  horizontal  position.  It  is  clear  that  tlie  New 
Red  Sandstone  of  the  north-east  of  Ireland,  formerly  more  extensive 
than  it  is  now,  rests  as  a  great  flat  cake  upon  the  old  surface  of  the 
PalsBozoic  rocks,  the  beds  of  which  lie  beneath  that  surface  in  a  simi- 
larly contorted  and  greatly  denuded  condition  to  that  in  which  they 
are  found  outside  the  New  Red  Sandstone.  The  section  in  1^.  165 
shows  in  its  lower  part  the  undulating  beds  and  the  old  surface  of 
denudation  of  the  Palseozoic  rocks  beneath  the  horizontal  beds  of 
the  New  Red  Sandstone.  If  a  shaft  were  anywhere  sunk  through 
these  horizontal  beds  down  to  that  old  surface,  it  is  impossible  to  say, 
with  any  hope  of  correctness,  what  Palsaozoic  rock  would  be  the  one 
met  with  beneath  that  surface,  in  that  locality.  It  might  be  Goal- 
measures,  but  might  equally  well  be  any  one  of  the  other  PaI»Q»>ic 
rocks  above  enumerated,  namely — 1,  The  Carboniferous  Limestone ; 
2,  the  Lower  Limestone  Shale ;  3,  the  Old  Red  Sandstone ;  4,  the  Lower 
Silurian  rocks  unaltered ;  or,  5,  Mica-schist.  The  chances,  then,  would 
be  at  least  six  to  one  against  the  probability  of  Coal-measures  with  coal 
being  found  beneath  the  part  in  which  the  shaft  was  sunk. 

The  great  practical  importance  of  studying  the  unconformability  of 
the  New  Red  Sandstone  on  the  Palaeozoic  rocks  below  it,  and  the  vast 
denudation  which  these  rocks  suffered  before  the  New  Red  Sandstone 
was  deposited,  cannot  be  too  strongly  impressed  on  the  mind  of  the 
student  It  is  one  of  the  chief  points  in  the  practical  applications 
of  Geology  in  the  British  Islands,  both  for  the  purpose  of  guard- 
ing against  a  wasteful  expenditure  of  money  in  rash  enterprises, 
and  for  directing  it  where  enterprise  may  have  a  chance  of  being 
successful 

Foreicpi  Equivalents. 

In  Germany  the  Trias  \b  typically  divisible  into  three  groups,  as  follows  : — 

8.  Keuper 1000  feet 

2.  Muschelkalk 600    „ 

1.  Banter  SandAtein         ....         1500    „ 

1.  The  Banter  Sandstein,  or  "  variegated  sandstone,"  is  a  red  and  white 
sandstone  interstratified  with  red  marls  and  thin  bands  of  limestone,  someitimes 
oolitic,  sometimes  magnesian.    This  is  the  "  Gr^  bigur^  of  the  Frendu 

CharaUariatic  FomU, — Plants,  Thirty  species  have  been  found  near  Strasbomg ; 

Ferns,  Cycads,  and  Conifers.  Among  them  are  Equiae* 
tites  Mougeotii,  ^thophyllum  speciosum  and  JR.  stipu- 
lare,  Neuropteris  elegans,  Voltzia  heterophylla,  Albertza 
elliptica,  Anomopteris. 

Fish,  Acrodus  Braunii. 

Reptiles.  Trematosaurus,  Nothosaurus  Schimperi,  "Piao 
dus  impressus,  footprints  of  Labyrinthodon. 


•  Vogt'f  Lthrbuck,  VOL  i.  p.  883. 
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2.  Mnaohalkmlk. — A.  compact  nddiali  grey,  or  yellowtali  limaitone,  nnlj 
oolitic,  but  in  soma  plicw  nugnesiuk,  eapeeiklly  in  Uie  lowsr  bed*,  whicli  inclode  beds 
of  gjrpaDiD  and  lock-wlt.  It  might  Kcordioglf  b«  diiided  into  two  inb-groups — 
b.  Upper  Hnschelk&Ik,  ngularlr  bedded  limettoue,  mon  than  300  feet  thick, 
a.  Altcnuktiona  of  iinmtoiie,  dolomite,  marl,  and  grpsum  ta  uhjdrite  md  nxJc- 
salt.  2B0  fMt. 


Fiiwi!  Oroop  N 
i>  liUtonult. 
™ig.rU. 


c  AtIcoU  (OeniUU)  » 

CharaeUruticI'otriU. — BToduopoda.  TerebratuJa  vnlgam  (Fogs.  gi.  23,  b). 

£chiiuid«naata.    Encnnua   liliformia    (Fou.    gr,    Q3,  a) ; 

Ophiant  prisca,  0.  KUtelUta. 
Conchifera.  OerriJlia  sociallit  (Foe*  gr.  33,  c) ;  Lima  *tri- 

■ta  ;  Myophoria  Tulgarlg  (Fon.  gr.  23,  d)  ;  Oatra  pU- 

cnnoidea  and  O.  Schnblerl ;  Pecten  diacites,  P.  lEerigatui. 
Oatlempoda.  TnrriteUa  reallata. 
C^haiopoda.  Ceratit™  nodo«us  (Foal.  gr.  28,/) ;  NanUini 

heiagonalia  (Foea.  gr.  23,  e)  ;  N.  birando. 
FiA.    AcrodnB  Gaillardoti ;   Ceratodiu   heteroraorphna  ; 

Hybodna  Moogeotii  and  H.  m^or ;  Pemphlx  Sneni; 

Sanricbthra  apicalia  and  eoaUtoa, 
Jltptvtra.  Nothoaaami ;  Simoaaonu. — {VogL) 
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8.  Keap«r. — **  Mames  iria^es  "  of  the  Frencli.  Principally  red  and  gre^i 
marl,  but  locally  divisible  into  three  anb-groape,  namely — 

c,  Keuper  Sandstone  of  a  yellowish  white,  sometimes  green  and  reddish  ooloor, 

containing  Calamites  and  other  plants. 
b,  Keuper  Marls,  with  gypsum  and  dolomite,  containing  coprolites,  bones,  scales, 

and  teeth  of  Fish  and  Saurians. 
a.  Lettenkohle  (clay  coal)  Group,  a  dark  grey  shale  or  gprey  sandstone,  containing 

small  irregular  beds  of  impure  earthy  coal,  with  remains  of  Mastodonsaonts 

(Labyrinthodon),  Gervillia,  Lingula,  and  Estheria. 

This  latter  group  rests  direcUy  on  the  Muschelkalk  ;  and  seems,  &om  its 
animal  remains,  to  belong  to  it,  but  its  plants  are  those  of  the  Keuper. 

Characteristic  Fossils, — Plants.  Calamites  arenaceus  ;  Equlsetites  ;  Pterophyllnm 

Jeegeri,  Pterozamites  Mllnsteri,  P.  NilsonlL 
Crustacea.  Estheria  minuta. 

ReptUes.  Capitosaurus,  Mastodonsanrus  (LabyrinthodoD). 
MammaL  Microlestes  antiquus. 

Near  Stuttgart,  and  in  other  parts  of  Germany,  the  Keuper  sandstone  is 
capped  by  a  layer  of  sandstone  breccia,  full  of  the  remains  of  ^nrians  and  Tj^ 
in  fragments,  exactly  like  that  known  in  England  as  the  Rhstic  or  Penarth  **  Bone- 
bed."  A  number  of  beds  are  described  which  contain  a  nurture  of  fossil  forms 
belonging  to  Palaeozoic  and  Mesozoic  types.  Near  Hallstatt  (south-east  of  Salz- 
burg), on  the  north  side  of  the  Austrian  Alps,  and  at  St.  Cassian  on  the  south 
side,  there  is  a  set  of  beds  composed  of  red,  pink,  and  white  marble,  from  800  to 
1000  feet  in  thickness,  and  containing  more  than  800  species  of  fossils.  These 
species  are  mostly  peculiar  to  the  Hallstatt  and  St  Cassian  beds,  but  they  belong 
to  genera,  some  of  which  are  only  to  be  found  elsewhere  in  beds  belonging  to  the 
Palseozoic  rocks,  while  others  are  equally  confined  to  beds  of  Mesozoic  age,  as  is 
shown  in  the  following  table  : — 


Palaeozoic  Qeneba. 

Triassic  Qeneka. 

Mesozoic  Geksra. 

Cyrtoceras. 

Ceratites. 

Ammonites. 

Orthoceras. 

Scoliostoma. 

Belemnites. 

Goniatites. 

Naticella. 

Neriniea. 

Loxonema. 

Platystoma. 

Opis. 

Holopella. 

Isoarca. 

CarditfL 

Murchisonia. 

Pleurophorus. 

Trigonia. 

Euorophalus. 

Myophoria. 

Myoconchua. 

Porcellia. 

Monotis. 

Ostrsa. 

Megalodon. 

Koninckia. 

Plicatula. 

Cyrtia. 

Thecidium. 

The  first  column  marks  the  last  appearance  of  several  genera  which  are  cha- 
racteristic of  Palaeozoic  strata.  The  second  shows  those  genera  which  are 
characteristic  of  the  Upper  Trias,  either  as  peculiar  to  it  or  as  reaching  their 
maximum  of  development  at  this  era.  The  third  column  marks  the  first  appeal^ 
ance  of  genera  destined  to  become  more  abundant  in  later  ages.* 

Underneath  the  Hallstatt  and  St  Cassian  beds  are  others  called  the  Gntten- 
stein  and  Werfen  beds,  containing  Ceratites  Cassiawas,  Myacites  FassaeHsis,  ifoti- 
ceUa  costatOf  etc.     They  consist  of — 


Lyell's  Manual,  p.  435. 
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Feet 
(.  Gattenstein  beds,  black  and  grey  limestone,  alternating  with 

red  and  green  shale 150 

a.  Werfen  beds,  red  and  green  shale  and  sandstone,  with  gypsnm 

and  rock-salt. 

It  is  yet  doubtful  whether  these  are  only  a  lower  portion  of  the  St.  Casdan 
'beds,  or  are  to  be  considered  as  equivalents  of  the  Lower  Trias.  Over  the  St. 
Cassian  beds  again  come  2000  feet  of  white  or  greyish  limestone,  known  as  the 
I>achstein  beds,  and  above  these  50  feet  of  grey  and  black  limestone  with 
calcareous  marls,  called  the  Koessen  beds,  or  Upper  St  Oassian,  by  MM.  Eecher 
and  Merian.  Each  of  these  groups  contains  a  peculiar  set  of  fossils  of  a  cha- 
racter which  renders  it  uncertain  whether  they  should  be  classed  as  Upper  Triassic 
or  as  Lower  Liassic  groups.  The  Dachstein  beds  are  unfossiliferous  below,  but 
the  upper  portion  contains  beds  entirely  made  up  of  Corals  {LUhoatroHon),  and 
othen),  containing  Bemdcardium  Wti^feri,  Megalodon  triguetcr,  and  other  large 
bivalves. 

The  Koessen  beds  contain  as  characteristic  fossils  Avicula  contoria  and  A, 
incegtiivcUviSf  Pecien  Valonienais,  Cardium  JthoeHcwn,  Spir\fera  MUruteri,  to- 
gether with  many  Brachiopoda,  some  peculiar,  a  few  found  in  the  Lias.  Accord- 
ing to  Mr.  Suess,  the  Koessen  beds  correspond  to  the  upper  bone-bed  of  Swabia. 
It  appears  most  probable  that  we  may  class  these  formations  as  follows : — 

-R-AitT^i.  J  Koessen  or  Upper  St  Cassian  beds. 

B^euper    .  {  Dachstein  beds. 

(  Hallstadt  and  St  Cassian  beds. 
Bunter     .  <  Guttenstein  beds. 

(  Werfen  beds. 

How  far  the  beds  may  be  continuous,  or  what  gape  may  be  unrepresented 
among  them,  remains  doubtftd.  It  is  possible  the  Muschelkalk  should  be  inter- 
calated between  two  of  them,  and  that  idl  tl^ese  may  be  merely  a  few  isolated  frag- 
ments of  the  series  that  might  have  been  deposited  during  a  vast  imperfectly 
represented  interval,* 

*  On  the  dasaiflcation  of  the  EhsBtie  beds  see  Gaemhel's  BekhreHnrng  der  Bayeriachen 
Alpen. 


CHAPTER  XXXVL 

JTTBA8SI0  OB  OOLITIO  PEBIOD. 

The  rocks  deposited  daring  this  period  over  the  area  now  occupied  by 
the  British  Islands  were  called  Oolitic,  because  in  the  part  where  thej 
were  first  examined  and  described  by  Dr.  W.  Smith,  they  contained 
many  beds  of  oolitic  limestone.  On  the  Continent  they  are  called 
Jurassic,  because  they  compose  that  chain  of  moimtainous  hills  sweep- 
ing round  the  north-west  frontier  of  Switzerland,  which  is  known  by 
the  name  of  the  Jura.  As  in  other  cases,  we  use  the  designations 
applied  to  those  two  groups  of  rock  as  the  name  also  of  the  period 
dui'ing  which  they  were  deposited. 

It  has  been  shown  in  section  Fig.  160  that  the  upper  beds  of  the 
New  Red  Sandstone  pass  underneath  some  other  beds  which  were 
called  Lias.  The  red  marls  of  Cheshire  and  those  in  the  centre  of 
Staffordshire  are  capped  by  isolated  patches  of  these  beds.  Those  of 
county  Antrim  are  similarly  covered.  If  we  followed  the  slightly 
sinuous  line  mentioned  in  the  last  chapter  as  running  from  the  mouth 
of  the  Tees  to  that  of  the  Exe,  we  should  find  wherever  the  rocks 
were  exposed  that  the  red  marls  of  the  New  Red  Sandstone  dipped 

W£t9  JBCr 
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Fig.  161. 
Diagrammatic  Section  of  the  Oloncestershire  Oolites. 
Feet 


k.  Coral  Rag 
J.  Oxford  Clay 
i.  Combrash 
A.  Forest  Marble 
g.  Great  Oolite 


60  /.  Fuller's  Earth 

500  €.  Inferior  Oolite 

15  d.  Upper  Lias  Sand  and  Shale 

40  0.  Marlstone 

200  6.  Lower  Lias  Shale    . 

a.  Bed  marls  (Top  of  New  Red  Sandstone). 


Feet 
50 
S3« 
309 
900 
000 


gently  to  the  east  or  south-east,  and  were  in  that  direction  covered  by 
beds  of  dark  clay  or  shale  forming  the  base  of  the  Lias.     Fig.   161  is 
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a  diagrammatic  representation  of  a  section  throngli  the  Oolitic  series 
as  it  occurs  in  Gloucestershire,  in  the  neighbourhood  of  Cheltenham 
and  the  Cotteswold  Hills.  It  is  based  on  Sheet  59  of  the  Horizontal 
Sections  of  the  Geological  Survey,  drawn  by  Mr.  Hull,  and  Sheet  14, 
drawn  by  Professor  Ramsay  and  Mr.  Bristow.  The  thicknesses  of  these 
different  groups  are  the  maximum  thicknesses  attained  in  different  parts 
of  the  section  (No.  59)  above  mentioned  ;  some  variations  taking  place 
within  the  limits  of  that  section  itself,  which  is  more  than  thirty  miles 
long,  and  still  greater  changes  occurring  in  other  districts. 

Fig.  162  is  a  diagrammatic  section  based  on  Sheets  20  and  56  of 
the  Horizontal  Sections  of  the  Geological  Survey,  both  drawn  by  Mr. 
Bristow,  across  parts  of  Dorsetshire,  through  the  headlands  of  Port- 
land and  Purbeck.  It  shows  the  continuation  of  the  series  from  the 
Oxford  clay  and  Coral  rag,  given  in  Fig.  161,  through  the  upper  part 
of  the  Oolites  into  the  Wealden  beds,  which  are  the  lower  part  of  the 


Fig.  162. 

Diagrammatic  Section  of  the  Dorsetshire  Oolites. 

Feet.  Feet 

/.  Wealden  Sands  and  Clays   .       1400  e.  Kimerldge  Clay        .       .  650 

«.  Pnrbeck  beds       ...         196  b.  Coral  Rag        ...  800 

d.  Portland  Stone  and  Sands    .         280  a.  Oxford  Clay      ...  600 

Cretaceous  series  above.  By  the  examination  of  these,  and  many 
other  similar  sections  in  the  above-named  counties  and  their  neighbour- 
hood, we  are  enabled  to  construct  the  following  table  of  the  succession 
of  rock-groups  in  this  district  By  studying  the  relations  of  these 
rock-groups  to  each  other,  and  a  comparison  of  the  organic  remains 
contained  in  them,  we  are  also  enabled  to  throw  some  of  them  together 
into  larger  groups  which  have  a  wider  range ;  while,  on  the  other  hand, 
by  examination  of  each  group  in  any  particular  locality,  we  may  sub- 
divide it  into  smaller  sets  of  beds  that  are  only  to  be  recognised  in  that 
partictdar  locality.  The  thicknesses  assigned  may  be  taken  as  the 
maxima  in  different  places  : — * 

Feet  Feet 

14.  Pnrbeck  beds     .         150^ 

13.  Portland  Beds  .  170  \  D.  Portland  or  Upper  Oolites  .  920 
12.  Kimeridge  Clay  600  J 

11.  Coraliine  Oolite  (Coral        ) 

Rag)  250  V  a  Oxford  or  Middle  Oolites       .    850 

10.  Oxford  aay       .        600  ) 

*  The  thicknesaea  are  taken  from  the  Swrvejf  Memain;  Briatow  in  Dawion'i  Handrbook  ; 
Hnll  on  Thinning  out  c/  Strata,  etc. 
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9.  Cornbrash 
8.  Forest  Marble 

7.  Great  Oolite 
6.  Fuller's  Earth 
6.  Inferior  Oolite 
4.  Sands 

8.  Upper  Lias 
2.  MarLstone  . 
1.  Lower  Lias 


B,  Bath  or  Iiower  Oolites    .        .  1450 


Feet  F^ct 

40 
500 
130 
400 
230 
160 
400^ 

200  y  A.  The  Idas     .        .        .        .        .  1200 
600  J 


It  would  not  be  an  nnnatural  classification  of  the  rock-groups  if  we 
were  to  take  the  Lias,  the  Oxford  Clay,  and  the  Kimeridge  Cloofy  as  the 
three  great  clay  deposits  of  the  series,  each  capped  by  a  variable  and 
minor  group  of  sands  and  limestones,  the  Lias  forming  the  base  of  the 
Lower  Oolites,  the  Oxford  Clay  the  base  of  the  Coral  Rag,  and  the 
Kimeridge  Clay  the  base  of  the  Portland  Oolites.  The  Purbeck  beds 
were  at  one  time  grouped  with  the  Wealden  beds  above  them — and  the 
Wealden  group  was  separated  from  the  Cretaceous  series — an  arcaoge- 
ment  that  is  not  without  good  arguments  in  its  favour. 

A.  The  Iiiaa 

This  formation  is  essentially  a  great  clay  deposit,  with  nomeroos 
bands  of  a  peculiar  argillaceous  limestone  in  its  lower  part,  and  a  cal- 
careo-argillaceous  sandstone  near  the  middle,  with  blue  day  above  it, 
and  a  loose  sandy  deposit  at  top,  connecting  it  with  the  Inferior  Oolite 
group  above. 

1.  Iiower  laiaa.* — The  Lower  Lias  is  mainly  composed  of  alter- 
nating bands  of  bluish-grey  argillaceous  and  earthy  limestone,  and 
laminated  clay  or  shale  yielding  numerous  remains  of  reptiles,  fish, 
molluscs,  and  corals.  It  has  been  separated  by  palsoontologists  into  five 
zones,  characterised  by  the  occurrence  of  particular  Ammonites,  which 
are  associated  with  certain  assemblages  of  fossils  more  or  less  distinctive 
of  each  zone.  In  the  West  of  England,  where  the  Lias  has  in  some  in- 
stances been  deposited  on  the  upturned  edges  of  the  Carboniferons 
Limestone  or  other  Pal»ozoic  rocks,  the  lower  beds  of  limestone  exhibit  an 
appearance  which  they  do  not  display  where  they  occur  in  the  regnlar 
order  of  succession  above  the  Triassic  series.  The  limestones  differ  in 
lithological  character  from  the  same  beds  elsewhere,  and  become  harder 

*  or  late  years  much  dlKciUBion  has  taken  place,  both  in  this  country  and  on  Vbit  Osa- 
tinent,  conoeming  the  relations  of  the  yarioas  beds  at  the  base  of  the  Lias,  deserfbed  in  the 
last  chapter.  While  some  authors  incline  to  the  separation  of  these  strata  as  a  aeries  inter- 
mediate between  the  Lias  and  Trias,  under  the  names  of  "  Zone  of  AvitMia  Ctm^aiim^ 
**  fUMBtie."  or  *<  Penarth  Beda "  (see  Wright,  Quart  Joum.  OtoL  Soc,  voL  zrL  p.  S74 
Moore,  Ibid,  voL  xrii.  p.  48S,  etcX  others  consider  them  as  forming  the  trae  faaae  of  tkt 
Idas  formation,  and  the  names  of  **  InfTa-Lias,**  "  Hettangian,'*  and  "  Liaa-congloBenSe '* 
have  been  snggected  for  the  whole  or  a  part  of  these  beds.  (8ee  Duncan,  Quart,  Jvunu  OmL 
500.,  ToL  xxUL  p.  IS ;  Bilstow,  Ibid,  p.  199 ;  Tate,  Ibid,  865.) 
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and  more  cloee-grained ;  the  clays  and  shales  are  almost  entirely  ab- 
sent, and  the  beds  are  often  conglomeratic.  This  change  is  very  marked 
in  South  Wales.  These  lower  beds  may  be  well  seen  and  studied  on 
the  coast  of  Glamorganshire,  in  the  cli^b  under  Button  and  Southern- 
down.  They  were  noticed  by  Sir  Henry  T.  De  la  Beche,  under  the  name 
"  Lias  Conglomerate,''  and  have  since  been  worked  out  in  detail  and 
mapped  by  Mr.  H.  W.  Bristow.  Similar  beds  also  occur  in  places  on 
the  Mendip  Hills,  near  Wells  and  Shepton  Mallet,  where  diey  have 
been  mapped  by  Mr.  H.  B.  Woodward.* 

The  limestones  of  the  Lower  Lias  are  extensively  quarried  for  flags 
and  building-stone,  besides  being  burned  for  lime.  The  Lias  of  Lyme 
B^:i8,  and  other  places,  furnishes  a  hydraulic  cement,  which  is  in  great 
request 

2.  The  Marlstone  is  a  well-marked  divisioii  of  the  Lias,  being  more 
arenaceous  than  the  rest  of  the  formation,  and  often  bound  by  calcareous 
or  ferruginous  cement  into  a  hard  stone.  In  Qloucestershire  it  is 
divisible  into  the  hard  "  rock-bed  "  above,  and  the  sands,  often  rather 
argillaceous,  below.  It  frequently  contains  bands  of  ironstone,  which 
have  of  late  years  been  largely  quarried  both  in  the  north  and  south  of 
England.  The  immense  deposits  of  iron-ore,  now  so  extensively  worked 
in  the  district  of  Cleveland  in  North  Yorkshire,  are  of  this  age. 

8.  Upper  Lias. — This  consists  of  a  great  thickness  of  blue  clay, 
over  which  are  some  brown  and  yellow  sands,  which  were  classed  with 
the  Inferior  Oolite,  until  separated  from  it  on  good  palaeontological 
evidence  by  Dr.  Wright  of  Cheltenham,t  who  gave  them  the  name  of 
Upper  Lias  Sands.  These  are  capped  by  a  particular  band  called  the 
"  Cephalopoda  bed,"  from  the  abundance  of  those  fossils  which  it  con- 
tains. Dr.  Lycett  and  some  other  geologists,  however,  consider  these 
beds  as  intermediate  in  age  between  the  Lias  and  the  Inferior  Oolite.^ 
The  Upper  Lias  Clay,  which  is  in  some  places  400  feet  thick,  thins  out 
towards  the  south,  so  that  at  Uley  Bury  it  is  only  70  feet  thick,  and  at 
LansdoMm,  near  Bath,  it  seems  to  have  disappeared  altogether.§ 

Characteristic  Fossils  of  the  Lias. — Each  of  the  subdivisions  of  the 
Lias  just  described  has  a  peculiar  assemblage  of  fossils  characteristic  of 
it  in  the  district  where  its  separation  from  the  rest  is  obvious.  Even 
the  Upper  Lias  Sand  may  be  distinguished  palseontologically  from  the 
Upper  Lias  Clay  in  the  Gloucestershire  district,  and  has  been  so  sepa- 
rated by  Dr.  Wright  and  Mr.  Lycett.  These  subdivisions  have  more 
than  a  local  interest,  inasmuch  as  they  point  distinctly  to  changes  in 

•  Bee  Mem.  GtoL  Surv,,  voL  1. ;  and  papen  by  C.  Moore,  P.  K.  Duncan,  H.  W.  BriBtow, 
In  the  Quart.  Jcmm,  G€oL  See.,  vol  xxiiL 

f  Wright  on  "  Upper  lias  Sands/'  Quart  Jowm.  Gwl.  Soc  voL  xiL 

X  Ann.  and  Mag.  NaL  Hid.,  September  1867.    Handbook  to  Gotteswold  Hills,  ete. 

§  Sheet  14,  Horijontal  Sections  of  the  Geological  Surrey,  Messrs.  Ramsay  and  Bristow. 
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tlie  foTiDB  of  life,  and  therefore  to  vast  lapK  of  time  during  the  depod- 
tion  of  the  beds.  The  limits  of  this  work,  however,  do  not  admit  of 
the  details  necessary  to  give  a  complete  account  of  these  Babdivisiaiia, 
fot  which  I  must  refer  the  student  to  the  works  of  Quenstedt  and  Oppel, 
and  to  Dr.  Wright's  papers  in  the  ^uarterhf  Jtmmal  of  the  Geolcffieai 


d.  Bplrlftn  WileotUL 

e,  TflnbntDlA  diuiiLrdiI 
/.  RhjnchoDfllla  rimcn^ 

Society.*  This  great  ahondance  of  fossils  in  the  Lias  makes  it  diffi- 
cult to  select  any  short  list  of  species  which  may  be  considered  more 
characteristic  of  the  formation  than  many  oUiere  that  might  be 
mentioned.  The  following,  however,  would  probably  be  included  in 
any  list : — + 

•  Quenrtedt,  "DotJois;"  OpptI,  "JnnrDmisUoii.''  Wright,  Oiart. /«r,  Cwl  Sit, wl 
J,  indlcst*  tlut  tbt  rpecta  occur  la  tb*  Lomr,  Wddk,  « 


f  OeoL  Tr.  i 
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EqabetilM  Brodiei,  L.    .  .  C, 

Otopt«rU  o'btuHtk,  L.        .         ,  I 
PftlKozanii&  Bachei  ard  P.  Buck-  j 

landi,  L. 

PolfipoiTbuia  Lusaka,  L.  and  M.  Q.  J.  O.  a  ii,  p.  SO. 
Spiriliiut  iafima,  L.  Ibid. 

Theocoerathiu  Uoorei,  L.         ,  Pal.  Soc  Fon.  Cor,* 
lautrea  HurcbUonL 
MontliTaltia  coucals,  H. 

Leptena  UooTei,  U.  Lyell'a  Man.,  fig.  HI. 

Rhj^chonella  Timcwa,  H.  and  L.  Fosa.  gr.  24,  /. 

tetrahedra,  M.   .  Tab.  View. 

Spirifera  Walcottii,  M.  and  L.  Foaa.  gr.  24,  d. 

Terebratnla  namismalis,  M.  and  L.  Ibid.  24,  a. 

AricuU  cygnipea,  M.  aiid  L.      .  Tab.  View. 

Monotis  decussato,  L.      .  Fosa.  gr,  25,  a. 

CardiDia  Listen,  M.  and  L.  Tab.  View. 

GiTpluea  ineurva,  L.       .         .  Foia.  gr.  26,  b. 
Oatrea  Liasaica,  L. 


roaall  Qranp  Ho.  1 


*  PilBontogTaphieal  SocMy,  FOmQ  Oorali. 
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Conchtfmu  Pecten  Liassicns,  M. 

Hippopodium  ponderosum,  L. 

LimA  (PUigiostoma)  gigantea,  L. 


Oasterqpoda  . 
Cephalopoda  . 


Echinodemuxia 


Crustacea .  . 

Inaecta     .  . 

Fi8h     .     .  . 

JtepHUt    .  . 


Modiola  scalpram,  M. 
Pholadomya  ambigaa,  U.  M.  L. 
Pleurotomaria  Anglica,  M.  and  L. 
Ammonites  bifVons,  U. 

Backlandi,  L    , 

communis,  U. 

— heterophyllos,  U. 

obtusis,  L. 

— planorbia,  L. 

serpentinua,  U.     . 

capricomis,  M 

spinatna,  M. 

Belemnites  elongatna,  M. 

tubularis,  U. 

Nautilus  truncatiis,  L. 
ExtracrinuB  Briareus 
Ophioderma,  M. 
Uraster  Gaveyi,  M . 
Acrosalenia  minuta,  L. 
Cidaris  Edwardsii,  M. 
Eiyon  antiquus 

Barrovensis  . 

Glyphsa  Liasaica  . 
Coleoptera  (Elytra  and  wings). 
Neuroptera  (Libellula  Hopei,  etc. 
Acrodus  nobilis,  L. 
.£chmodus  Leachii,  L.     . 
Dapedius  politus,  L. 
Hybodus  reticulatus,  L. 
Ichthyosaurus  *  communis,  L. 
Plesiosaurus  dolichodeiras,  L. 
DimorphodoD  macronyx,  L. 
Teleosaurus  Chapmanni,  L. 


F068.  gr.  25,  c. 
i  Tab.  View,  and  Lydl's  Man., 
{         fig.  437. 

Phillips's  Man.,  fig.  205. 

Sow.  M.  C,  t  227. 

Foss.  gr.  25,  d. 

Tab.  View. 

.Po88.gr.  25./. 
Tab.  View. 
Ibid, 


Ibid, 


F088.  gr.  25,  e. 
Tab.  View. 

Ibid, 
Foss.  gr.  24,  b. 
Ibid.      24,  c 
M.  G.  a,  Dec.  8, 
PaL  Soc.  Mon. 

Chart  of  Crustacea. 
Ibid. 
Ibid, 


) 


Lye]l*s  Man.,  fig.  453. 
Ibid,  452. 

Tab.  View. 

Lyell's  Man.,  fig.  454. 
Tab.  V.  and  Lyell's  Man.,  etc 
Ibid,  Ibid, 

GeoL  Trans.  yoL  iii. 


B.  The  Iiower  Oolites. 

4.  The  Inferior  Oolite  coniprises  those  beds  which  come  next  above 
the  Cephalopoda  bed  of  the  Upper  Lias  Sands,  and  thus  form  the 
lowest  group  of  the  Lower  Oolites.  According  to  the  data  given  in 
Sheet  59  of  the  Horizontal  Sections  of  the  Geological  Survey,  it  is  in 
the  hills  to  the  north-east  of  Cheltenham,  to  be  subdivided  into— 

Feet 
e.  The  Ragstoue  .  .  40 


d.  Upper  Freestone 
c.  Oolite  Marl    . 
b.  Lower  Freestone 
a.  The  Pea  Grit 


84 

7 

147 

88 


•  Most  manuals  give  figures  of  Ichthyosauri,  Plesiosauii,  Pterodactyl!,  etc  ; 
oially  Buckluid's  Bridgtwater  TnaHse,  etc,  and  Mr.  Wateihouse  Hawkins's  Diagtuns. 
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The  Pta  (hit  is  a  pisoUtic  limestone,  oongisting  of  a  nontber  of  flat 
coneretionB  like  luge  flattened  peas.  The  Fruttima  are  fine-grained,  pale, 
oolitic,  or  shelly  limestones,  containing  near  the  top  a  seven-foot  bed 
of  blown  marl,  c,  with  an  imperfect  oolitic  etructore.  The  Ragttottt  is 
a  brown  sandy  limestone,  sometimes  hard  and  firm,  at  others  incohe- 
rent In  this  neighbourhood  even  these  suhdividotia  have  their  cha- 
racteristic fossils.  As  we  recede  from  this  neighbourhood,  however,  these 
subdivisions  naturally  die  out  and  disappear  ;  other  beds  of  coarse 
limestone,  sometimes  oolitic,  and  sometintes  sandy,  taking  their  place. 

In  Oxfordshire,  according  to  Professor  Phillips,  the  whole  group  of 
the  Inferior  Oolite  disappeara,  neither  the  beds  nor  the  peculiar  fossils 


Faill  Oronp  No.  tt. 
lotetor  Oolita  Poulli. 

.  AuIhcIs  luiiil>pbaie4. 
b.  RbiDchonelli  BploOM. 
c  Ortica  tUbellDldcL 


being  discoverable.  In  North  Koithamptonahire  and  Lincolnshire, 
however,  the  formation  reappears  under  the  form  of  a  white  limestone, 
often  attaining  a  great  thickness,  and  affording  many  well-known  and 
valosble  building  stones,  as  those  of  Ancaster,  Ketten,  Bomack,  etc 
The  CollfwestoD  elate  forms  the  base  of  this  limestone  series,  which  ia 
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underlaid  by  thick  strata  of  sand  and  brown  ironstone,  the  latter  being 
now  extensively  dug  for  smelting.  The  whole  of  these  beds  disappear  in 
South  Yorkshire  under  the  overlapping  Upper  Cretaceous  rocks,  bat  are 
again  seen,  with  somewhat  different  characters,  in  North  Yorkshire.* 


CharaeUrisHc  Fossils  of  the  Inferior  Oolite, 


Actinozoa .     . 
Braehiopoda  . 

Conchtfera 


Gasteropoda  . 


Cephalopoda . 


Anabacia  hemispherica   . 
Montlivaltia  troK^hoides   . 
Rhynchonella  spinosa 
Terebratola  carinata 

■        fimbria 

— ^-^— -  perovaUs 
Airtarte  elegans 
Gresslya  abducta    . 
Lima  pectiniformis  (proboscidea) 
Ostraea  flabelloidee 
Pecten  dentatus 
Pholadomya  fidicula 
Chemnitzia  lineata 
Pleurotomaria  elongata  . 

omata 

pallium     . 

Ammonites  Brocchii 
Brodiei 


Brongniartii . 
Homphresianua 
Murchisonse  . 
Parkinsoni    . 
etc. 


£chinodermata 
JF^sh     ,    .    . 


Etc 

Belemnites  ellipticua 
NautiluB  sinuatos  . 
Collyrites  ringens  . 
Echinus  perlatuB    . 
Nucleolites  Agassizii 
Pholidophorus  Flesheri  . 
Strophodus  subreticulatus 


Fofls.  gr.  26,  a. 
PaL  Soc  Fosa.  Cor. 
Foss.  gr.  26,  b. 
PaL  Soc  Dav.  Brach.t 
Tab.  View. 
Ibid, 
Ibid, 
Phill.  G.  T.  i,,  t  11. 
Tab.  View. 
Foss.  gr.  26,  c 
Sow.  M.  C.  574. 
F068.  gr.  26,  d. 
Sow.  M.  C.  218. 

Ibid.         193. 
Foss.  gr.  26,  e. 
Sow.  M.  0.  221. 

Ibid,        202. 

Ibid,        351. 
Phillips's  Man.,  fig.  238. 
Foss.  gr.  26,/. 
Sow.  IL  C.  550. 
Tib.  View. 

Geol.  Trans.  iL  t.  8. 
Sow.  M.  C.  194. 
Tab.  View. 

Ibid. 
Ann.  Nat  Hist  1852. 


(  Agassiz. 


6.  The  Fuller's  Barth. — ^Above  the  Inferior  Oolite  comes,  in  the 
Gloucestershire  dlBtrict,  a  series  of  blue  and  yellow  shales,  clajs,  and 
marls.  The  peculiar  kind  of  day  called  Fuller^s  Earth,  which  has 
given  the  name  to  the  group,  occurs  at  the  base  of  the  Great  Oolite,  in 
the  downs  inmxediately  south  of  Bath,  where  it  was  largely  extracted 
some  years  ago  for  the  use  of  the  doth  manufacturers  of  the  district. 

Towards  the  middle  part  of  the  Fuller^s  Earth  day,  south  of  Bath, 
are  beds  of  cream-coloured  earthy  limestone,  to  which  Uie  name  Fuller's 
Earth  Rock  is  generally  given.  The  limestones,  which  are  never 
oolitic,  contain  numerous  fossils,  amongst  which  Ostrcea  acuminata  may 
be  mentioned  as  being  very  abundant 

The  maximum  thickness  of  the  Faller's  Earth  in  the  Gloucester- 


*  Seop.  684. 


t  Patoontographical  Society,  Dayidaon's  Braehiopoda, 
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■hire  diatrict  is  about  100  feet,  rather  lapidly  diminiahing  northwards 
and  eostwarda,  in  which  directions  it  soon  disappean.  In  Dorsetehire, 
however,  the  formation  includes  400  feet  of  strata.* 

CAaraeterittic  FotiiU. — None,  unless  the  little  ojeter  called  Ogtrcea 
acmainata  (Tabular  Viea  and  LyelPt  Manual,  fig.  424)  ;  the  other 
foaails  contained  in  this  group,  such  as  Ttrebralula  ormthocepheda,  and 
Bome  others,  are  a  mixture  of  Inferior  Oolite  and  Great  Oolite  species. 

6,  Oraat  or  Bath  Oollta. —  This,  like  the  other  Oolitic  groups,  except 
the  clays,  has  a  verj  variable  lithological  chaiscter.  Mr.  Lycett  says 
that  near  Minehinhampton  it  is  made  np  of  weatherBtones,  sandstones, 


PouU  Onafi  Ho.  17. 

Omt  OoliU  Fmaila. 
&.  PtcrDphjUlun  Gomptaia.  4.  LIdu  eanllifoitnl*. 

i.  Hemlcldarij  minor.  /.  Trigonli  OnldfuulL 

c  RhTDcboiHllii  (wnciana.  p.  Pnipnn>ldu  UoiriiU. 


and  limestones  ;  the  weathetHtonu  (shelly  calcareous  sandstones)  being 
always  at  the  base  of  the  group,  but  passing  laterally  into  sandstones, 

*  Hr.  B.  Tita  ugaea.  on  piIiK 
fEuiled  u  thv  top  of  the  Inftrfor  < 
Jnrn.  i/Sc(«iwi,  Ju.  1,  ISTO.) 
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which  are  commonly  covered  by  limeBtoneB,  while  the  weatheretonet 
have  never  any  of  the  limestones  above  them.* 

Mr.  Hull  divides  the  Great  Oolite  near  Cheltenham  into  two  zones. 
a.  The  Lower  zone,  a  variable  series  of  sandy  flags,  *'  slates/'  and  bine 
limestones,  with  white  oolitic  freestones,  showing  much  oblique  lami- 
nation. The  flaggy  limestones,  and  sometimes  the  thick-bedded  ones, 
split  in  some  places  into  very  thin  slabs,  which  are  called,  though  eno- 
neously,  ^^  slates."  The  Stonesfield  Slate,  so  celebrated  for  its  terrestrial 
reptiles  and  mammalian  remains,  belongs  to  these  beds,  and  might 
therefore  give  its  name  to  the  zone.  Its  average  thickness  is  50  feet^ 
h.  The  Upper  zone  is  well  marked  in  Gloucestershire,  by  the  occurrence 
of  beds  of  white  marl  at  its  base,  and  white  thick-bedded  limestone  at 
its  summit    Its  thickness  is  150  feett 


CharaeUrisHe  Fossils  qf  the  Oreat  Oolite. 


Plants 


Actinozoa  .    . 
Brachiopodat 


Concki/era     . 


Oasteropoda  , 


Cephalopoda  . 


Echinodermata 


Equisetum  colmnnare 

PterophyUmn  comptum 
T»mopteris  latifolia 

vittata  . 

Thnytes  ezpansus    . 
Isastrsea  Oonybeaii  . 
Rhjnchonella  condnna 
Terebratala  coarctata 

digona  . 

—  mazillata 

Area  HirsoQensis 
Gerrillia  lanceolata  . 
Lima  cardiiformiji  . 
Pachyrisma  grande  . 
Pholadomya  acuticosta 
Pteroperna  costatula 
Trigouia  Gc^dfasaii  . 

impressa    . 

Alalia  atractoides     . 
Cylindrites  acutns    . 
Nerinsea  Voltzii  § 
Patella  mgosa 
Purpuroidea  Morrisii 
Trochotoma  annuloides 
Ammonites  gracilis  . 
Belemnites  fosiformis 

WaterhooseL 

NaatUus  Baberi 
Hemicidaris  minor    . 


I 


Phillips's  Man.,  fig.  218,  and 
Mantell's  Meds.,  fig.  13. 
Foss.  gr.  27,  a. 
Mantell's  Meds.,  fig.  26. 
PhiUips's  Man.,  fig.  217. 
Phill.  G.  Y.  i.,  t.  10. 
Pal.  Soc.  Foss.  Cor. 
Foss.  gr.  27,  c. 
Tab.  View. 
Foss.  gr.  27,  d. 
Tab.  Viewi 

Phill.  G.  Y.,  t  11,  fig.  43. 
Tab.  View. 
Foss.  gr.  27,  c 
Pal.  Soc.  OoL  BiT. 
Tab.  View. 
Pal.  Soc  OoL  Biv. 
Foss.  gr.  27,/. 
Tab.  View. 
Pal.  Soc.  OoL  Foss. 
Lyell's  Man.,  fig.  406. 
Foss.  gr.  27,  A. 
Lyell's  Man.,  fig.  407. 
Foss.  gr.  27,  g. 
Pal.  Soc.  OoL  Foss. 
Pal.  Soc  OoL  MoL 
Tab.  View. 

Pal.  Soc.  Ool.  MoL 
Foss.  gr.  27,  h. 


*  Quart.  Joum,  Geol.  Soc,  vol.  iv.  ;  and  Mem,  Pal.  Soc,  1860. 
t  Oeology  of  Cheltenham,  Jtfm.  Geol,  Svrv.,  1857. 

I  Messrs.  Lycett  and  Morris  have  published  the  Molloflca  of  the  Great  Oolite  in  the 
volames  of  the  Paleeontographical  Society,  referred  to  in  the  succeeding  pages. 
f  The  lower  figure  shows  a  section  of  the  shell. 
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Eehin»IefTKala  Pwndoitiadgnia  paDtagmram 

Fish     ,     .     .     Ast«iacanUiua  semunlcatiu 
Pholidopborna  nioor 
StropbodoB  ouigniu  . 

Ki^plUa    .     .     Hegalomunu  Backlandi   . 

Mamrnalut  .  AmphltheriiUD  PrevOBU!  . 
Fbucolotheriujit  Bocklandi 
Stareognathns  Ooliticus    . 


PrL  Bo«.  Brit  Ech.* 

>  Agauii'a  Fo«ail  Fiih. 

Maotell'i  Meds.,  ch.  iril. 
Ljrell'K  MUL,  fig.  412. 
Ibid.,  Sg.  419. 
Q.  J.  Q.  S.,  ToL  liiL 


7.  The  Oorabraali  and  Foreit  Harbl*  Oronp. — This  is  a  very  vari- 
onal;  composed  set  of  clays,  sandB,  and  limeBtones,  cont^ning  local  enb- 


FouUaionpNo.  19. 

lb  lud  FonM  IlmrMs  7o«Ml<. 

d.  Oreaalya  ptngrina. 
b.  A[docr1niu  Parklnaonl.  i.  Myadtei  decmtet*. 

e.  Tenbimtull  tntennedlk.  /   PholadOBiTK  IjnU. 


dimiDiia  mich  as  the  Bradford  Clay,  the  Foiest  Marble,  and  the  Corn- 
brash  itself, 

The  Bradford  Clay  is  a  bine  nnctuous  clay  occarring  at  Bradford,  in 

•  £r<Ifi\  futtl  £akliud<nula,  b;  Dr.  T.  Wti^k 
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Wiltshire,  and  extending  for  a  few  miles  around  it ;  it  is  never  more 
than  forty  or  fifty  feet  in  thickness ;  locally  full  of  Apioerinita 
Parkimoni  {rotundus),     Foss.  gr.  28,  b. 

The  Forest  Marble  (so  named  from  Wychwood  Forest,  in  Oxford- 
shire, where  it  is  30  feet  thick)  is  composed  of  coarse  fissile  oolite,  with 
much  oblique  lamination,  hard  shelly  limestones,  blue  marls  and  shales, 
yellow  siliceous  sand,  with  large  spheroidal  blocks  of  limestone,  and 
fine  oolitic  freestone.  It  is  rarely  more  than  40  feet  thick  in  the 
Gloucestershire  district,  but  in  Dorsetshire  is  said  by  Mr.  Bristow*  to 
be  450  feet  thick. 

The  Combrash  is  generally  a  rubbly,  somewhat  ferruginous  lime- 
stone, in  thin  beds.  In  the  Midland  districts  of  England  it  is  nefcr 
more  than  15  feet  thick,  but  in  Dorsetshire  it  reaches  to  about  40  or 
50  feet,t  and  is  remarkably  fossiliferous,  Avicula  echxnata  and  NwdedUu 
dunictdaris  being  abundant  and  characteristic, 

Characteriatic  Fo$nU  qf  the  Cornbraah  and  Forest  Marble  Ortmp. 


Brachiopoda  . 


Terebratula  intermedia 
oboTata . 


Annelida  . 
Conchi/era 


BchiTiodermata  Acrosalenia  hemicidaroides 

Apiocrinus  Parkinsoni 
Nudeolites  cltmicularU 
Serpula  tetragona 
Avicula  echinata 
Ceromya  concentrica . 
Ore^slya  peregrina     . 
Isocardia  minima 
Lima  rigidula   . 
Modiola  blpartita 
Myacites  decurtata    . 
securifoi-mU 


Gasteropoda 
Cephalopoda 
Fish     .     . 


Pecten  fibrosus  . 
Pholadomya  deltoidea 
—  lyrata    . 


Foes.  gr.  28,  c 
Tab.  View. 
Foiis.  gr.  28,  a. 
Ibid.     28»  b. 
Tab.  View. 
Sow.  M.  C,  599. 
Tab.  View. 
Sow.  M.  C.  491. 
Foss.  gr.  28,  d. 
Tab.  View. 
PhilL  G.  Y.,  t.  7. 

Ibid.       t.  4. 
Foss.  gr.  28,  «. 
PhilL  G.  Y.,  t.  7. 

Ibid.       t.  6, 
Sow.  M.  C.  197. 
Foss.  gr.  28,/. 
PhilL  G.  Y.,  t.  7,  fig.  15. 
Foss.  gr.  28,  g, 
Ag.  foss.  fish. 


Chemnitzia  vittata 
Ammonites  discus 
Asteracanthus  acutus 
Cardiodon  rugulosus. 

The  Iiower  Oolites  of  Torkshlre. — ^The  beds  which  lie  between 
the  Lias  and  the  Oxford  Clay  preserve  the  structure  above  given,  with 
more  or  less  constancy,  from  Somersetshire  into  Lincolnshire,  forming 
a  continuous  ridge,  with  an  unbroken  escarpment,  till  we  reach  the 
estuary  of  the  Humber.  A  little  north  of  that  river  the  whole  Oolitic 
series,  with  the  exception  of  the  Lias,  is  overlapped  and  concealed  by 
the  beds  of  the  Cretaceous  series,  from  underneath  which,  however, 
they  gradually  reappear  again  farther  north,  and  the  Lower  Oolites  lix 

*  Dawson's  Handbook  to  th$  Otology  of  Weynumth,  with  Terticsl  section  by  Mr.  Bzistov. 

\  Ibid. 
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&om  beneath  the  Oiford  Clay  into  some  wild  hills  called  the  York- 
shire Moorlands,  which  end  in  precipitous  diflb  along  the  coast  about 
Whitby  and  Scarborough. 

In  this  district  the  changes,  often  apparent  as  we  trace  the  Lower 
Oolites  from  Somerset  into  Lincolnshire,  are  found  to  have  been  still 
further  carried  out,  so  that,  instead  of  the  groups  just  described,  we  get 
the  following  section,  which  is  condensed  from  Professor  Phillips's 
descriptions  : — *  „  , 

^  Feet 

5.  Shelly  Combrash,  limestone  of  Gristhorp  and  Scarborough         .        .  10 

4.  Sandstones,  shales,  ironstones,  and  coals  of  Gristhorp,  Scarborough, 

and  Scalby,  enclosing  some  calcareous  shelly  bands  .  .  .  200 
8.  Shelly  oolite,  and  days  of  Cloughton  and  West  Nab  {**  Grey  limestone 

of  Scarborough ") 80 

2.  Sandstones,  shales,  ironstones,  and  workable  coal  of  the  Peak,  Stainton 

Dale,  and  Haibum  Wyke 500 

1.  Irony  sandstone  and  subcalcareons  beds,  with  bands  of  shells  and 

plants  ("Dogger") 70 

It  is  singular  that  the  little  insignificant-looking  band  called  Com- 
brash is  persistent  throughout  the  whole  of  England,  though  it  under- 
goes considerable  modifications  in  lithological  and  palseontological 
characters,  while  such  great  changes  take  place  in  the  more  important 
beds  above  and  below.  The  "  grey-limestone,"  with  the  beds  below  it, 
are  now  usually  referred,  on  palseontological  evidence,  to  the  Inferior 
Oolite.  The  upper  part  of  the  "  Dogger "  belongs  to  the  same  forma- 
tion ;  its  lower  part  to  the  stone  called  "  Upper  Lias  Sand." 

The  Characteristic  FomU  of  the  Lower  Oolites  of  Yorkshire  are 
principally  plants,  many  of  which  are  ferns.  The  following  genera 
may  be  mentioned,  some  of  which  have  different  species  in  these  beds 
and  in  the  Carboniferous  formation,  while  those  marked  with  one 
asterisk  are  only  Mesozoic,  and  those  with  two  exclusively  Oolitic 
genera.  Some  of  the  Equisetites  are  found  erect ;  and  we  have  here 
an  imperfect  coal  formation  of  the  Oolitic  period,  the  coals  of  which 
only  differ  from  those  of  the  Carboniferous  formation  in  quantity  and 
economic  value. 

Cyclopteris,  Equisetites,  **Otopteii8,  **  Pachypteris,  **Palaozamia,  Pecop- 
teris,  **Phlebopteris,  *Pterophyllum,  **  Sagenopteris  (Glossopteris),  Sphenop- 
tens,  **T8eniopt6ri8,  *Thuytes,  **Zamites. 

C.  The  Oxford  or  Middle  Oolites. 

This  division  comprises  the  Oxford  Clay  and  the  Coral  rag  groups — 

8.  The  Oxford  Olay  is  so  called  as  lying  beneath  the  plain  on 

which  Oxford  stands,  but  it  extends  across  England  from  Weymouth 

in  Dorset  to  Filey  Bay  in  Yorkshire.     It  is  generally  a  dark  blue  clay, 

sometimes  dark  grey,  approaching  to  black,  and  occasionally,  as  at 

*  Quart.  Jwm,  OwL  Soo.  Tol.  zi.  p.  84.' 
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Weymontli,  it  coutoina  nnmetouB  aeptamn  nodules.  In  its  lower 
portion  it  has  occoaioiiaUj  eom«  beds  of  Umgh  calcareous  sandahme, 
with  brown  sands,  called  Eelawaye  Rock,  from  a  place  in  Wiltshiie. 
This  Kelawaya  Bock  appean  to  be  wanting  in  the  Jifidland  camtics  u 
a  distinct  rode,  thoogh  ita  peculLu  foudls  occur  in  tlie  lower  part  of 
the  Oxford  day.  It  reappears  in  Yorkshire  with  the  same  characters 
and  foesUs  as  in  the  south.  The  maiimiim  thicknees  of  the  Eelawtji 
Rock  is  80  feet ;  that  of  the  whole  Oxford  Clay,  including  it,  eannU 
be  less  in  Mune  places  than  600  feet. 

C/iaraeterutic  FoiaU  of  At  Oxford  day. — ^The  fossils  of  the  Oxfoid 
day  are  numerous,  and  often  vei;  beautiful,  the  shells  freqnentlj 
retaining  their  irridesceitoe  from  having  been  packed  in  close  cl&j,  oi 


'i 


TntM  Qmnp  No.  U. 
CtunetirtiUo  f  OHJla  of  tb«  Oifoid  di;. 

a.  QrjphiH  dlliUU. 

b.  Anstlnii  ondoIitL 
&  AIatIaco 

being  converted,  like  those  in   the  Lias,   into   brilliant  iron  jgrito. 
The  following  list  indudes  a.  few  of  the  most 
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AimeUda  . 
Cruttacea . 

Conehifera 


Cfasieropoda 
Cephalopoda 


Seipnla  vertebraUs 
Megacheirus  Pearcei 
PoUicipes  concinniis 
Anatina  imdulata 
ABtarte  Inrida  . 
Gryphaea  dilatata 
Myacites  recurva 
Ostnea  undosa  . 
Alalia  composita 
Ammonites  Calloviensis 


■cordatoa 
>  excavatns 

Jason     . 
•  Lambert! 

modiolaris  (sablflevis) 


Fish    . 


Belemnites  hastatos 

Puzosianus  * 

Nautilus  hezagonus  . 
Aspidorhynchus  euodus 
Lepidotus  macrocheirus 
Leptolepis  macrophthalmus 


Sow.  M.  C.  599. 

Ann.  Nat.  H.,  1849. 

Sow.  M.  C,  647. 

Foss.  gr.  29,  b, 

Phill.  G.  Y.,  t.  6,  fig.  2. 

F068.  gr.  29,  a. 

Phia  G.  Y.,  t.  5,  fig.  25. 

Unci       t  6,  fig.  4. 
Foss.  gr.  29,  c. 
Tab.  View. 

Ihid. 
Foss.  gr.  29,  e. 

Ibid.     29,  d. 
Sow.  M.  C.  242. 
Tab.  View. 
Foes.  gr.  29,/. 
Tab.  View  and  Ly.  Man. 
Tab.  View. 

Q.  J.  G.  S.  voL  1.  p.  231. 
Ibid, 
Foss.  gr.  29,  g. 


9.  The  Ooralline  Oolite  was  so  called  irom  the  abundance  of 
corals  contained  in  its  lower  beds  in  some  parts  of  Oxfordshire  and 
Wiltshire.  Like  all  the  other  calcareous  or  arenaceous  groups  of  the 
Oolite,  this  is  very  irregular,  and  subject  to  great  variations  in  character 
and  thickness.  There  is  a  pretty  close  general  resemblance  in  the 
Yorkshire  and  Wiltshire  types,  while  in  the  intermediate  district  the 
whole  group  seems  to  disappear.  It  may  be  divided  into  three  sub- 
groups— 


c.  Upper  Calcareous  Grit,  maximum  thickness  . 

b.  Coral  Rag 

a.  Lower  Calcareous  Grit 


»» 


»» 


9) 


»» 


Feet 

60 

60 

100 


a.  The  lower  beds  in  Yorkshire  are  a  series  of  grey  marly  sand- 
stones seventy  feet  thick,  passing  up  into  cherty  limestone,  covered  by 
sands  full  of  great  calcareous  concretions,  capped  by  strong  calcareous 
sandstones. 

b.  A  variable  group  of  irregular  masses  of  nodules  made  of  corals 
compacted  together,  often  earthy,  and  connected  by  blue  clay,  passing 
into  blue  crystalline  limestone,  alternations  of  hard  shelly  oolite,  and 
soft  perishable  limestone,  and  in  Wiltshire  a  rubbly  nodular  oolite, 
sometimes  pisolitic. 

c.  The  Upper  group,  obscurely  indicated  in  the  south,  is  in  the 
north  like  group  a,  but  more  ferruginous  and  less  cherty,  passing  up 
by  intercalation  into  the  Eimeridge  Clay  &hoYe.— {Phillips.) 

The  Coral  Bag  may  be  examined  in  Dorsetshire  and  Wiltshire,  in 


«  See  also  ManteU'i  Medals,  Figi.  143  and  144,  and  descriptioiL 
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ShotOTer  Hill  in  Oxfordstuie,  or  on  the  coast  of  Yorkshire,  «bont 
Scarborough  and  Filey,    At  Shotover  HiU,  however,  considerable  eroaon 


Fotuil  Oranp  N 
I.  ThEComillli  uDaUrlB. 
>.  Ac^roulBnitdecorats,  wiUi  spine. 


of  its  upper  part  took  place  before  the  depositio: 
Clay,  all  the  upper  calcateoiu  grit  having  been  rem 


of  the  Kiroeridge 
ved.— (i'Aa/yw.) 


Bantt. 


Charaefffrulie  FosaiU  q^  the  Coraltmt  OoliU. 
Carpolithes  BncUandi  .         Lind.  P.  F.,t  1S9. 

Ibid. 


AcHnctoa  .     .     Cslamopbyllia  Stokesii      .         .  l^b.  View. 

IsaEtra&  explanata    ,                 .  Ibid. 

Stylma  tubal  ifera                          .  Ibid. 

TbumuutnEd  arochnoidea .         .  Ibid. 

Theco9inilis(CM7ophjllka)um(ilaiu  Fon.  gr.  3D,  a. 

EiJanedermala   Acronaleniii  decorata         .         .  Ibid.     SO,  b. 

adaria  coronntB        ...  Ly.  Han.  397. 

florigemaia  .  Fh[lL  Hin.  242. 
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JSchinodermata 

Hemiddaris  intermedia     . 

)  Tab.V.,andManteU*8Med8., 
{          Fig.  101. 

Nucleolites  scutatus  (dimidiatus) 

Phill.  Man.  244. 

Crustacea  .     . 

Glyphaea  scabrosa     . 

Phill.  G.  Y.  vol.  i.  p.  170. 

Conchifera     . 

QoDiomya  literata     . 

Foes.  gr.  80,  e. 

Lima  (Plagiostoma)  rigida 

Tab.  View. 

Ostrma  gregaria 

Ly.  Man.  898,  and  Tab.  View. 

Pecten  vimineus 

Sow.  M.  C.  648. 

Pholadomya  eequalis 

IbidL 

Trigonia  costata 

Tab.  View. 

Cfasteropoda  . 

Cerithium  muricatum 

Foss.  gr.  30,  e. 

Chemnitzia  Heddingtonensis 

Tab.  View. 

Nerinsea  Goodhallii  . 

Ly.  Man.  896,  and  Tab.  View. 

hierogljrphica 

Ibid.  894. 

Phasianella  (Chemnitzia)  striata 

Tab.  View. 

Cephalopoda  . 

Ammonites  perarmatus 

Foss.  gr.  80,  /. 

vertebralis     . 

Tab.  View. 

1 

Belemnites  abbreviatus 

Foes.  gr.  80,  g. 

Fish     .     .     . 

Gyrodus  Cavieri 

Ag.  Poiss.  foss. 

Hybodus  obtusos 

Ibid, 

D.  The  Upper  or  Portland  Oolites. 

This  division  consists  of  three  groups,  namely — 10.  The  Kimeridge 
Clay  ;  11.  The  Portland  beds  ;  and,  12.  The  Purbeck  beds — the  two 
latter  groups  being  only  known  in  the  southern  part  of  England. 

10.  The  Kimeridee  Clay  is  so  called  from  the  village  of  Kimeridge 
on  the  coast  of  Dorsetshire,  a  little  west  of  St.  Alban's  Head.  It  is 
traceable  through  Wiltshire  and  Buckinghamshire,  where  its  maximum 
thickness  is  500  or  600  feet,  but  it  seems  to  disappear  in  Bedfordshire, 
Huntingdon,  and  Cambridgeshire,  probably  owing  to  the  overlap  of  the 
"  Lower  Qreensand."  It  is  again  visible  in  Lincolnshire,  and  largely 
in  the  Vale  of  Pickering,  in  Yorkshire.  It  is  in  some  places  a  dark 
grey  shaly  clay,  in  others  brownish  or  yellowish,  containing  bands  of 
Band  or  of  calcareous  grit,  or  ferruginous  oolite,  and  layers  of  septaria. 
IxL  some  places,  especially  in  the  district  about  the  Isle  of  Purbeck,  it 
becomes  very  carbonaceous,  and  the '' bituminous  shale ''  sometimes  passes 
into  layers  of  a  kind  of  brown  shaly  imperfect  coaL  Layers  of  a  parti- 
cular kind  of  oyster  (Ostrcea  ddtoidea)  occur  abundantly  in  many  places, 
always  appearing  "  in  broad  continuous  floors  parallel  to  the  planes  of 
stratification,  the  valves  usually  together,  with  young  ones  occasionally 
adherent  to  them,  and  entirely  embedded  in  clay,  without  nodules  or 
stones  of  any  kind,  and  without  any  organic  remains  in  the  layers.*'  * 


Brofihiopoda 
Conchifera 


Characteristic  Fossils  qf  the  Kimeridge  Clay. 

Rhynchonella  inconstans  .  Foss.  gr.  81,  a, 

Astarte  EEartwelliensis    .  .  Ibid.     81,  c. 

Cardium  striatulum        .  .  Ly.  Man.  885. 

Exogyra  (Gryphsea)  virgula  .  Foes.  gr.  81,  &. 


Phillips's  Jfan.  p.  311. 
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CowAi/em 

Oitnu  deltoidea     . 

(Ly.  H«i.,S86;  PhQl 
25S,  ind  Tib.  Vi 

Pinn*  snuialaU 

Sow.  U.  n.  347. 

FoM.  gr.  31,  d. 

Trlgonla  dsTeUkta  . 

Ibid.      30,  rf. 

P>l«llk  Utusima     . 

JUd.      31,/. 

Pleiirotoinari«  retlcniita  . 

Ibid,      31,  e. 

Crpio&po*' 

Jitd.      81.  ?. 

Sow.  H.  C  29S. 

Ibid.      92. 
Ag.  Fain.  fou. 

Hybodnj  Kutm       , 

Jbid. 

JJg*i«     . 

Icbthyonurua  trigonng   . 

Ow.  Brit  An.  Bep. 

Ibid. 

PlloBn™  (the  pmus)     . 

Ibid. 

Ibid. 

Ibid. 

Fouil  anmp  No.  SI.— E]m«i]dc«  CUy  Poiilla. 

a.  Bbjnoliosftllft  incoiuUni,  «Dd  end  view  of  Bime.    d  ThrutA  deprena. 

b.  Eiogyn  TirgnU-  i.  PI«nroIomiirU  nUenlat*. 

c.  AiluU  HutHelUeniiL  /.  PatsUi  iBttotlm*. 

g.  Annnonite*  biplBi. 
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11.  Th«  Fortland  Bada,  so  called  from  the  promontory  known  as  the 
lele  of  Portland,  on  the  coast  of  Dorset,  have,  like  most  of  the  other 
stony  groups  of  the  Oolitic  aeries,  a  variable  composition.  They  con- 
sist of  eaada  and  EiLnd? tones  below,  becoming  in  the  upper  pait 
calcareous,  and  pasaing  into  limestone,  which  is  sometimes  oolitic  They 
are  therefore  divisible  into — 

S.  Portland  Stone,  consisting  of  whita  oolita  and  beds  locaJly  termed 
"stonebrash"  and  "rocli"  ate,  inteiBtratifled  with  clays,  aad  oontim- 
ing  layen  of  chert,  about  60  to  90  feet, 
a.  Portland  Sands,  conaiating  of  brown  or  j'ellow  sands  and  sandstones, 
sometiines  full  of  green  grains  ;  like  those  afterwards  to  b«  described  in 
the  Ore«naands  ;  about  80  feet. 


om 


ruHil  Orouii  So.  81. 
Fortlaod  Foaila. 
a.  iBtitm  oblonga.  t.  TrIgonU  gibbon, 

ft.  Ptctxa  lamelloiaB.  /  Tiigonl*  iDonrva  (iaUnul  cut). 

c  Catdl  urn  dlailinlle  (Internal  cast).  |^  Nstiea  elegiua. 

d.  Lncliu  FonUndlca.  X.  Ctrithliun  Portlandloiun. 

The  beds,  especially  the  lower  sands,  are  to  be  seen  at  intervals 
capping  the  Oolitic  hills  as  far  north  as  Oxfordshire  and  Bucks,  vhere 
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they  occur  about  the  summit  of  Shotoyer  Hill,  and  in  the  neighbour- 
hood of  Aylesbury.  They  consist  there  of  sands  with  marine  fossils,  over 
which  are  "  iron  sands  "  with  fresh- water  forms.  Farther  north  tiiey 
entirely  disappear,  for  at  Ely  the  Lower  Qreensand  of  the  Cretaceous 
series  rests  directly  on  the  Kimeridge  Clay. 

The  Portland  Beds  are  well  developed  in  the  Isle  of  Purbeck, 
and  also  in  the  Vale  of  Wardour,  in  Wiltshire,  where  they  are 
quarried  for  building-stone  at  Chilmack,  and  in  the  neighbourhood 
of  Tisbury. 


A  ctinozoa  .     . 
Conch\fera 


Gasteropoda  . 


Cephalopoda  . 
Bchhwdermata 
Fish     .     .     . 


Reptiles    .     . 


Characteristic  Fossils  of  the  Portland  Beds. 


Isastrea  oblonga    . 
Astarte  cnneata 
Cardium  cUssimile  . 
Lima  obliqnata 
Lucina  Portlandica 
Modiola  paUida      . 
Ostrsea  ezpansa 
Pecten  lamellosus   . 
Trigonia  gibbosa     • 

incurva     . 

Cerithinm  Porilandicum 
Natica  elegaos 
Nerijboma  sinuosa    . 
PleurotomaiJa  rugata. 
Turritella  concava  . 
Ammonites  gigaoteus 
Hemiddaris  Davidsoni 
Caturus  angustos   . 
Hybodus  strictus    . 
Ischyodns  Townshendi 
Cetioeaoms  longus 


319. 


Foss.  gr.  32,  a. 
Sow.  M.  C,  187. 
Foss.  gr.  82,  c. 
G.  Tr.  2,  ToL  u.  p. 
Foes.  gr.  32,  d. 
Sow.  M.  C,  8. 
Ibid.  238. 
Foss.  gr.  32,  6. 

Ibid.      32,  «. 

Ibid.      32,/. 

Ibid,      82,  A. 

Ibid.      82,  g. 
Tab.  View. 


Sow.  M.  O,  665. 

Tab.  View. 

Wright,  Foss.  K  PaL  See 

Ag.  Poiss.  foss. 

Ibid. 

Ibid. 
Ow.  Brit.  Ass.  Bep. 


12.  The  Furbeck  Beds  are  so  named  from  their  being  well  de- 
veloped and  clearly  exhibited  in  the  district  south  of  the  Poole 
estuary  in  Dorsetshire,  which  is  known  as  the  Isle  of  Purbeck.  They 
diflfer  from  all  the  Oolitic  series  below,  in  being  mostly  of  fresh-water 
origin.  They  are  from  that  circumstance  more  nearly  allied  to  the 
Wealden  beds  above  than  to  the  Oolites  below,  but  they  contain  some 
marine  and  other  species  of  fossils,  which  seem  to  link  them  to  the 
Oolites. 

Not  far  above  the  top  of  the  Portland  Stone,  on  which  the  shelly 
limestones  of  the  Purbeck  beds  repose,  there'  occur  one  or  two  "  dirt- 
beds,*'  as  they  are  called  by  the  quarrymen,  which  are  in  fact  old 
vegetable  soils,  including  the  roots  and  stems  of  fossil  plants,  tiie  re- 
mains of  an  old  forest.  We  have  here  actual  land-suriaces,  which 
having  been  formed  over  the  marine  beds,  in  consequence,  probably,  of 
the  gradual  elevation  of  the .  latter  above  the  sea,  were  subsequently 
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buried  beneath  fresh-water  deposits.    The  latter  were  formed  either 
in  a  lake  or  in  the  bed  of  a  laige  tranquil  river. 

The  Purbeck  beds  have  not  a  greater  thickness  than  150  or  200 
feet.  They  were  examined  and  described  in  great  detail  by  Professor 
Edward  Forbes,  and  subsequently  by  Mr.  Bristow,  whose  observations 
will  be  found  in  Sheet  56  of  the  Horizontal  Sections  and  Sheet  22  of 
the  Vertical  Sections  of  the  Geological  Survey  of  Great  Britain,  in  the 
latter  of  which  every  bed  is  drawn  on  a  scale  of  1  inch  to  10  feet,  with 
fall  lithological  and  palseontological  descriptions.  The  former  observer 
divided  the  Purbeck  beds  into  three  groups — Lower,  Middle,  and  Upper 
— which,  without  any  marked  lithological  distinctions,  nevertheless  con- 
tain each  a  peculiar  assemblage  of  fossils.  Mr.  Bristow's  section  of 
Durlstone  hill  contains  the  following  groups  :— 


Upper. 


Middle. - 


^ 


Lower. 


20.  Upper  Cypris  days  and  shales 

19.  Unio  beds  with  the  Crocodile  bed   . 

18.  Upper  broken  shell  limestone  (soft  burr) . 

17.  Chief  "beef "•beds      .... 

16.  Corbula  beds 

15.  Scallop  beds  (white  roach) 

14.  Leaning  vein 

15.  Boyal  (limestone) 

12.  Freestone  vein 

11.  Downs  vein 

.  10.  Cinder  bed  (mass  of  small  Ostrtea  diatorta) 

9.  Cherty  fresh-water  beds 

8.  Marly  fresh-water  beds 

7.  Marly  fresh-water  beds 
6.  Soft  cockle  beds    . 
5.  Hard  cockle  beds 
4.  Cypress  freestone 

8.  Broken  bands 
2.  Soft  Cap 
1.  Hard  Cap,  with  dirt  parting  at  bottom 


Feet 


69 


J 


ISO 


140 


839 


At  Worbarrow  Bay  and  Mewps  Bay,  an  irregidar  dirt-bed  comes  in 
between  the  hard  and  soft  Caps,  but  is  not  seen  at  Ridgway  Hill 
according  to  the  Rev.  Osmond  Fisher.  The  whole  section  gradually 
gets  thinner  from  east  to  west,  till  it  is  not  more  than  175  feet  at  the 
latter  place. 

It  was  in  a  little  band  about  20  feet  below  the  cinder-bed,  that  the 
very  remarkable  discoveries  of  several  Mammalian  remains  were  made 
by  Mr.  Brodie,  and  afterwards  by  Mr.  Beckles.t 

The  Purbeck  marble,  formerly  so  much  used  in  the  internal  decora- 

•  The  Portland  qaairymen  give  the  name  of  "  beef  **  to  beds  of  flbrons  carbonate  of  lime. 
In  the  Isle  of  Porbeek  these  are  called  **  horse-flesh." 
t  QwarL  Jowm.  (hoL  Soe.,  toL  xilL  p.  861. 
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tion  of  churches  and  other  bnildingB,  wu  procored  from  buids  of  lime- 
etoDe,  coiuisting  Almost  entirely  of  compacted  fresh-vater  «uu1  (fadk 


b.  Cjnn»  elongitiL 

t,  AKbvau^Mus  Edwanli 


(Paludina  carinifera),  which  was  interstratified  with  the  Upper  Cjp^ 
ctajB  and  shales  No.  SO.* 

Ckaracleruiic  Fouifi  (if  the  Purbeck  Beds. 
Ftimit .     .     ■     Cjcadeoidea  microphjUa         .        Fo«a.  p:  33,  a 


—  megaphjUa 


Dmniuiteg  Fittoni 
Xchinodermaia  Hemluidarif  Purbeckensis 
Cnulacea  .     .     Arclisoniscus  fUwardali 

Cjpridea  taberculata 


M«it«U'a  Mcdiu,  flg.  Sa 
G,  Tr.  2»er.,  vol.  iv. 
)  OeoL  Surr.  Dec»)e  iiL, 
{      uid  L;.  Han.  372. 

Posa.  gr,  33.  c 
\  Ly.  Man,,  fig.  SS8,  ^ 
j  and  UaaL  Med*.,  fig.  17i 
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Crustacea  . 

Conehifera 

Gasteropoda 

Insects.    . 

Fish     .     . 


JieptOea    . 


Mamjnalta 


Cypridea  fasiculata 

Purbeckensis 

Cyrena  elongata 
Ostreea  distorta 
Melanopsis  harpaefomiis. 
Physa  Bristovii 
Poludina  carinifera 
iEshna  perampla    « 
Bapreston  stygnus 
Carabns  elongatus  . 
Aspidorbynchus  Fisheri 
Lepidotnfl  Mantelli 
Microdon  radiatus  . 
Ophiopsia  brevicepe 
PholidophoTUiB  omatos 

IGoniopholis    crassidens 
dilian) 

Pleurosternon  OTatnm  (Chehman) 
Macellodus  Brodid  {LcicertiUan) 
Nothetes  destructor 
Spalacotberium  Brodiei 
Plagiaulaz  Becklesii 


(Croco- 


ft 


Ly.  Man.  371,  b. 

Ibid,     876. 
Fobs.  gr.  88,  b. 
Tab.  View. 

Tab.  v.,  and  Ly.  Man.  838. 
Sow.  M.  C,  609. 
Brod.  Foss.  In.,  pi.  v. 
Fobs.  gr.  33,  d, 
Brod.  Foss.  In.,  pL  ii. 
Foss.  gr.  33,  e. 
Mantell's  Meds.,  fig.  196. 
Ag.  Poiss.  foss. 
M.  G.  8.,  Dec  6. 
Ag.  Poiss.  foss. 
Foss.  gr.  33,/,  and 
Mantell's  Meds.,  fig.  207. 
Fobs.  gr.  83,  g. 
Q.  J.  G.  S.,  voL  X. 

Jbid. 

Ibid, 

Ibid,         vol.  xiii. 


Fossils  Characteristic  of  more  than  one  Group. — In  select- 
ing groups  of  species  that  are  peculiarly  characteristic  of  certain  groups 
of  beds,  certain  other  species  are  necessarily  omitted  which  are  charac- 
teristic of  larger  parts  of  the  series,  being  found  in  almost  equal  abun- 
dance in  more  than  one  group. 

Of  these  the  following  deserve  mention  : — 

Species  common  to  A  (Lias),  and  B  (Bath  Oolites). 

Brachicpoda  .     Theddium  triangnlare  ranges  from  Upper  Lias  to  Combrash 

{Lycett), 


Conchi/era 


Species  common  to  A  and  C  (Coralline  Oolite). 
.     Modiola  cnneata. 


j4ctM0Z0€l         m 

IScfUnodermata 


Crustacea  . 
Polyzoa     . 
Srachiopoda 
Conchi/era 


Species  common  to  B  and  C. 

Thaninastrsea  condnna. 

Echinus  perlatus,  Uemiddaris  intermedia,  Nndeolites  orbicn- 

laris,  N.  scutatos,  N.  sinnatus,  Pygaster  semisulcatus,  Pygurus 

pentagoualis. 
Glypbffia  rostrata. 
Heteropora  ramosa. 

Rynchonella  varians,  Terebratola  impressa,  T.  omithocephala. 
Anatina  imdata,  Gervillia  siliqna,  Isodonta  triangularis,  Lima 

duplicata,  Pecten  annulatus,  P.  demissus.  Pinna  lanceolata, 

P.    mitis,    Area    eemula,    Cucullsea    elongata,    C.    oblonga, 
.  Gk>niomya   literata,  G.   scripta,   Isoeardia  tenera,    Lithodo- 

mus  inclusns,  Lucina  crassa,  Myadtes  calceiformis,  Quens- 

tedtia  laevigata. 
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OaUeropoda  .     Alaria  triflda,  Bulla  elongata,  Pleurotomaria  granulata,  Pniptoina 

nodulata. 
Cephalopoda  .     Ammonites  macrooephalus. 

Species  common  to  B,  C,  and  D  (Portland  Oolites). 
Coneh\fera     ,     Trigonia  costata. 

Species  common  to  B  and  D. 
Conchifera     .     Oardium  striatolum,  Pecten  arcuatus,  Pholadomya  ovalis. 

Species  common  to  C  and  D. 

Braehiqpoda  .     Lingula  ovalis. 

Conchifera     .     Astarte  ovata,  £zog3rTa  nana,  GerviUia  aviculoides,  Lima  rustic 

OstTSBa  solitaria,  Trigonia  clavellata. 

SooTLAND. — Patches  of  Lias  and  Oxfoid  Clay,  in  some  of  which  are 
estuary  beds,  occur  here  and  there  on  the  islands  of  Mull,  Skye,  Eigg, 
Raasay,  CSanna,  etc,  as  well  as  on  parts  of  the  mainland  of  the  western 
coast  of  Scotland.  Near  Brora,  on  the  east  coast  of  Sutherlandshire, 
rocks  similar  to  the  Lower  Oolites  of  Yorkshire  are  found,  containing 
similar  beds  of  impure  coal.* 

Ireland. — The  only  beds  belonging  to  the  Oolitic  series  in  Ireland 
are  some  black  Liassic  ^lales  which  are  visible  in  some  parts  of  Antrim. 
These  occur  just  at  the  top  of  the  red  marls  of  the  Trias,  and  are  |ho- 
bably  the  basal  beds  of  the  Lias.  They  do  not  anywhere  exceed  thirty 
or  forty  feet  in  thickness,  but  contain  often  an  abundance  of  chaiactei^ 
istic  Lias  fossils.     (See  ante,  p.  6i5.)t 

Foreign  Iiooalities. 

It  has  already  been  said  that  on  the  Continent  the  Oolitic  series  is  called  tbe 
Jurassic  series,  because  it  forms  tbe  Jura  motmtains.  The  following  classificatiao 
of  the  beds  in  that  district  is  the  one  given  by  M.  Jules  Maroou.^  It  is  remark- 
able  that  although  the  Jura  mountains  are  at  least  five  times  the  height  of  the 
Cotteswold  hiUs,  and  occupy  more  than  five  times  the  area  of  the  Oolitic  range  in 
England,  yet  the  actual  thickness  of  the  beds  is,  according  to  Maroon's  measure- 
ments, considerably  less  in  the  Jura  than  it  is  in  England.  In  the  Jura,  however, 
they  are  wonderftilly  bent  and  contorted  into  folds  of  every  degree  of  magnitude, 
so  that  beds  which,  in  some  parts  at  least,  do  not  much  exceed  1000  feet  in  thick- 
ness, nevertheless  make  up  the  principal  mass  of  a  large  and  complicated  mountain 
chain.  This  chain  is  composed  of  no  other  rocks  than  the  Jurassic  and  Neooomian 
beds,  and  nevertheless  far  exceeds  in  height  and  importance  the  Palaoonuc  moun- 
tains of  England,  France,  or  Germany.  § 

*  See  papers  by  Sir  R  I.  Morchison,  Tran$,  OecL  Soc,  voL  \L,  second  series ;  Bdvard 
Forbes,  Quart.  Joum.  GwL  5oc,  vol.  vlL  ;  Oeikie,  op.  cU.,  voL  3dv. 

t  Portlock,  Rtpori  on  Geology  of  LondonderrHf  etc. ;  Tate,  Qiuirt  Jowm,  GeoL  Soc,  voL 
zxiii.  p.  297. 

X  LeUru  mur  Ub  Roches  du  /ura,  livraison  L,  in  whidi  I  have  translated  the  thfrlmrs if 
from  French  metres  into  English  feet. 

I  For  a  section  showing  the  folds  of  the  Jura  chain,  see  anU,  p.  409. 
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Upper 

OOLITB, 

493  ft. 


OZPORDIAN, 
161ft. 


LOWEB 

Oolite, 
258  ft. 


XI.  Gronpe  de  Salins. 

X.  Groupe  de  Porren- 
truy. 
IX.  Groupe  de  Besan- 
9011. 

VIII.  Groupe  Corollien. 

VII.  Oxfordien    8up4- 

rieur. 
VI.  Oxfordien     infii- 
rieur. 

V.  Groupe  du  d^parte- 
ment  de  Doubs. 


Lias, 

198  ft. 


IV.  Groupe  du  d^parte- 
ment  du  Jura. 


III.  lias  BupMeur. 


II.  Lias  moyen. 


L  lias  iDf<Srieur. 


26.  Calcaire  de  Salins     . 
25.  Mames  de  Salins 
24.  Calcaire  de  Bann6    . 
28.  Mames  de  Bann^ 
22.  Calcaire  de  Be6an9on 
21.  Mames  de  Be8an9on 
20.  Oolite  corallienne 
19.  Coral  rag  de  la  Chapelle 

18.  Couches  d*Ai*goTie    . 

17.  Mames  Oxfordiennes 
16.  FerdeClucy    . 

5.  Calcaires  de  Palente . 

4.  Calcaires  de   la   CitadelTe 
(Besaufon)  . 

18.  Calcaires  de  la  porte   de 
Tarragnoz    . 

12.  Mames  de  Plasne 

11.  Roches  de  corraux  du  Fort 

St.  Andrd    . 
10.  Calcaires    de    la     Roche 

pourrie        .        • 
^  9.  Fer  de  la  Roche  pourrie 
8.  Mames  d'Aresche 

7.  Mames  de  Pinperdu 

6.  Schistes  de  Boll 

5.  Mames  de  Cemans  . 
4.  Mames  Sonablennes 

8.  Mames  de  Balingen . 
2.  Calcaires  de  Bl^y . 
1.  Couches  de  Schambelen 


Feet. 

106 
11 

132 
14 
98 
16 
24 
82 

98 

48 
16 
20 

65 

88 

10 

88 

59 
88 
26 
48 

7 
20 
43 
38 
15 

5 

1100 


Of  these  groups,  M.  Marcou  identifies  his  Lias  with  our  Lias  generally.  He 
correlates  his  Oxfordien  inf&rieur  with  our  Oxford  Clay,  believing  his  Couches 
d' Argovie  to  be  unrepresented  in  England,  unless  by  Phillips's  gradations  between 
the  calcareous  grits  of  the  Coral  Rag  and  Oxford  Clay  in  Yorkshire.  He  also 
correlates  his  Mames  de  Bann^  with  tbe  Kimeridge  Clay,  and  believes  lus  Groupe 
de  Salins  to  be  the  purely  marine  equivalent  of  the  'paitlj  marine  and  partly 
fresh-water  Purbeck  beds.  He  also  identifies  the  intermediate  groups  of  the 
Jura  with  the  intermediate  groups  of  the  English  Oolitic  series,  with  more  or  less 
precision.  M.  Marcou  gives  a  table  supporting  these  identifications  by  lists  of 
characteristic  foesilB  found  in  most  of  his  twenty-six  subdivisions  of  the  Jurassic 
series. 

Fnmce  and  Oermany.  * — Other  authors  have  adopted  different  designations  for 
different  parts  of  the  continental  Jurassic  series,  which  it  will  be  best  perhaps  to 
give  in  the  following  tabular  form,  referring  to  the  table  previously  given  at  p.  628. 

Z)  12.  PuRBEOK  Beds,  not  identified  by  d'Orbigny,  Mames  de  Villars,  Serpulit 
2>  11.  P0RTLA17D  Beds. — Terrain  PorUandien,  calcaire  i  tortues  de  Soleure. 
Upper  white  Jura. 

*  Vide  "  On  the  Comparison  of  the  German,  French,  and  Sn^^ish  Jura  formations,**  by 
Oscar  Frsas.    Quart.  Jcmm.  OtoL  Soe.,  vol.  vli.  pt  S,  p.  4S. 
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D  10.  KiXKRiDOB  Clat. — Terrain  Kim^ridgien,  argiles  noin  de  Honfleor,  cal- 

caire  &  astartes.    Part  of  the  Terrain  Portlandien  of  the  geologists  of  the 

Swiss  Jura,  who  call  the  lower  part  Terrain  S^nanien ;  part  of  Upper 

white  Jura. 
C  9.  CoBAL  lUa — Terrain  Corallien,  schistes  de  Nattheim,  calcaire  k  n^rinees. 

Middle  white  Jura.     (The  lithographic  flaga  of  Solenhofea  are  beUered 

to  belong  to  this  group. ) 
C  8.  Oxford  Clat. — ^Terrain  Oxfordien,  terrain  4  chailles.     Omaton  Thon,  Im- 

p'ressa  Kalk,  Spongiten  Lager.  Part  of  brown  Jora  and  Lower  white  Jura. 
C  8  a.  Kelawats  Rock. — Terrain  Callovien,  Ozfordien  infi^ienr.    Part  of  brown 

Jura. 
B  5.  Fuller's  Earth  ;  6.  Great  Oolite  ;  and,  7.  Gobnbrash. — Terrain  Batb- 

onien,  calcaire  de  Caen  et  Banville.     Parkinsoni  Bank.     Part  of  brown 

Jura. 
B  4.  Inferior  Oolite. — ^Terrain  Bigocien,  calcaire  Ledonieii,  calcaire  k  poljpiers, 

mames  Vesuliennee.  Eisen-BogensteinyDisooidien-MeigeL   Middle  brown 

Jura. 
A  3.  Upper  Lus. — ^Terrain  Toarcien.    Poeidonomyen-echiefer,  Jurensis  Mei^ 

Opalinus  Thon.     Upper  black  Jura  and  lower  brown  Jura. 
A  2.  Marlstone.  —  Terrain  Liasien.     Amaltheen  Thon,  Numismalen  MeigeL 

Middle  black  Jura. 
A  1.  Lower  Lias.— Terrain  Siu§murien,  gr^s  du  Luxembourg,  calcaire  de  Valog- 

nes,  gr^s  de  Linksfield.     Gryphiten-Kalk.     Lower  black  Jura. 

The  first-mentioned  names  in  the  above  list  are  those  of  D'Orbigny. 

In  travelling  across  France  and  its  borders  within  the  limits  of  the  Geological 
Map  of  France,  by  E.  De  Beaumont  and  Du  Freenoy,  the  English  geologist  cannot 
fail  to  be  struck  with  the  general  resemblance  of  the  Oolitic  and  Triassic  forma- 
tions to  those  of  his  own  country.  Although  it  is  always  unsafe  to  trust  to  litho- 
logical  resemblance,  yet  it  appears  certain  that^there  is  a  wonderful  general  identity 
of  mineral  character  in  the  Mesozoic  rocks  of  Western  Europe.  Wben,  however, 
we  pass  the  Jura  chain  and  approach  the  Alps,  the  Lias  and  other  Jurassic  rocks 
become  completely  metamorj^osed  into  clay  slates,  mica  schists,  and  gneiss,  with 
crystalline  limestone  (Alpen  kalk)  like  the  so-called  primary  limestones  of  our  old 
metaniorphic  districts.  The  main  mass  of  the  Swiss  Alps  is  probably  oomposed 
of  these  metamorphosed  Oolitic  rocks,  and  it  may  well  be  doubted  whether  any 
part  of  the  Western  Alps  shows  any  but  a  veiy  few  rocks  of  greater  antiquity  than 
the  Oolitic  Period,  although  they  were  at  one  time  supposed  to  be  of  primary  or 
"  primitive"  origin. 

America. — Sir  C.  Lyell  describes  some  of  the  rocks  of  North  America  as  like 
those  of  the  Yorkshire  and  Sutherland  Oolites.  They  consist  of  sands  and  days, 
with  beds  of  coal,  and  contain  numerous  plantsl  Professor  W.  B.  Rogos  fiist 
described  the  Richmond  coalfield  of  Virginia,  which  contains  many  seams  of  good 
coal — one  thirty  or  forty  feet  in  thickness — as  belonging  to  the  Oolitic  Period. 
It  appears,  however,  from  Marcou's  Oeology  cf  North  America^  that  the  identifi- 
cation of  these  beds  as  of  Oolitic  age  is  erroneous,  and  that  they  are  more  probably 
Triassic  (Reuper)  than  Oolitic.  But  Marcou  describes  other  marine  Oolitic  beds 
as  existing  in  New  Mexico,  and  to  the  west  of  the  Rocky  Mountains,  though  these 
are  now  believed  to  be  Cretaceous.  Mr.  D.  Forbes  describes  large  parts  of  Pern 
and  Bolivia,  on  the  western  side  of  the  Andes,  as  formed  of  rocks  belonging  to  the 
Oolitic  Period,  consisting  of  clays,  shales,  and  limestones,  with  many  characteristic 
Oolitic  fossils,  but  interstratified  with  great  beds  of  porphyry  and  porphyry-tufi 
and  conglomerates.* 

India. — Beds  containing  Ammonites  and  other  fossils,  like'  those  of  the  Lias 

*  QwxrL  Jowm.  GcoL  Soc,  voL  xvii. 
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and  Lower  Oolites,  were  described  by  Mr.  Grant  as  occnrring  in  Cntch,  ^d  being 
associated  with  other  beds  containing  coal  and  plants  of  Oolitic  genera.*  In  the 
7th  vol.  of  D' Archiac's  History  of  the  Progress  of  Geology,  these  and  other  beds  in 
the  north  of  India  are  spoken  of  as  of  marine  origin  and  belonging  to  the  Oolitic 
Period,  and  a  vast  central  fresh-water  formation  of  Middle  and  Southern  India  is 
also  said  to  belong  to  the  same  period.  D'Archiac  quotes  Mr.  Carter's  **  Sum- 
mary of  the  Geology  of  India,"  +  who  says  that  the  Oolitic  series  of  India  consists 
of— 

4.  Diamond  conglomerate. 

8.  Panna  sandstone. 

2.  Kattra  shales,  with  limestones  and  coals. 

1.  Tara  sandstone. 

1.  The  Tara  sandstone  has  been  called  both  Old  and  New  Red  Sandstone.     It  is 

1000  feet  thick  and  without  fossils,  but  seems  to  pass  up  into 

2.  The  Kattra  (or  Kuttrah)  shales,  to  which,  according  to  Carter,  the  Burdwan 

and  other  coals  west  of  the  Hooghly  belong,  contain  plants  of  the  genera 
Olossopteris,  TceniopteriSt  Vertebraricif  ZamicL,  etc.  etc,  together  with  those 
of  other  genera,  as  CalamiUs,  PecopteriSf  PoacUes,  and  SphenophyUunif  which 
are  both  Carboniferous  and  Oolitic  genera. 

8.  The  Panna  sandstone  has  a  maximum  thickness  of  2000  feet,  and  is  capped  in 
some  places  by 

4.  The  Diamond  conglomerate,  which  contains  pebbles  of  sandstone  and  quartz, 
and  occasionally  diamonds. 

These  two  last  groups  do  not  contain  fossils,  but  were  believed  by  Newbold  to 
be  of  prtecretaceous  age. 

Australia. — In  a  recent  exploration  on  the  western  coast  Mr.  Gregory  dis- 
covered fossils,  such  as  a  Trigonia  and  Ammonite,  which  seem  more  like  those  of 
the  Oolitic  series  than  any  otiiers.  This  therefore  lends  some  small  support  to 
the  belief  in  the  Oolitic  age  of  some  of  the  coal-beds  of  New  South  Wales,  Vic- 
toria, and  Tasmania,  in  which  plants  have  been  found  which  were  supposed  to  be 
necessarily  of  Oolitic  age.  t 

Arctic  Regions. — St.  Aiijou,  of  the  Russian  navy,  asserted  many  years  ago  that 
he  had  found  ammonites  in  the  cliffs  of  New  Siberia,  in  north  latitude  74.  Others 
have  since  been  brought  home  by  Captain  Sir  Leopold  M'Clintock  from  Point 
Wilkie  in  Prince  Patrick  Island,  76**  20'  north.  One  of  these  has  been  called 
Ammonites  M^Clintocki,  and  compared  with  Ammonites  concavus  of  the  Lower 
Oolites  of  France  by  the  Rev.  Professor  Haughton.  Sir  L.  M*Clintock,  Captain 
Sherrard  Osbom,  and  Sir  K  Belcher,  also  found  portions  of  Ichthyosaurus  in  those 
regions.  § 

I.     I  ^  I        11  ■  ■■!  I       I      ■      I  I  -  II         ^^      ■      II    ■!      ^M       I       ■■■    ■■         I     I    M      Ml       ■     ■  I  ■        I ■ ■ ■ ^^^^^"^^^ 

•  7Van«.  GeoL  Soc  Lond.,  vol.  v.  2d  8«r. 

t  Jowm.  of  Bombay  Branch  c/ Asiatic  Society, 

t  In  voL  i.  p.  8,  of  Hooker's  Himalayan  JowmalSy  will  be  found  some  excellent  remarks 
on  the  doabtfal  nature  of  the  evidence  as  to  oontemponuieity  of  beds  to  be  derived  from 
fossil  plants,  and  especially  from  fossil  ferns.  He  says  —  "  Amongst  the  many  collections 
of  fossil  plants  that  1  have  examined,  there  is  hardly  a  specimen  belonging  to  any  epoch 
sufficiently  perfect  to  warrant  the  assumption  that  the  species  to  which  it  belonged  can  be 
again  recognised.  The  botanical  evidences  which  geologists  too  often  accept  as  proofs  of 
specific  identity,  are  such  as  no  botanist  would  attach  any  importance  to  in  the  investiga- 
tion of  existing  plants.  The  fkintest  traces  assumed  to  be  of  vegetable  origin  are  habitually 
made  into  genera  and  species  by  naturalists  ignorant  of  the  structure,  aflSnities,  and  distri- 
bution of  living  plants." 

I  Bee  Appendix  to  Fate  qf  Franklin,  by  Captain  Sir  L.  M'Clintock.  Murray :  London, 
1859. 


CHAPTER    XXXVII. 

0BBTA0BOU8   FEBIOD. 

Thb  Cietaceone  Period  is  so  called  fiom  the  Chalk  Qn  Latin,  creta) 
which  was  formed  during  a  part  of  this  time  over  a  large  area  now 
occupied  by  the  European  quarter  of  the  globe. 

We  have  just  seen  that  the  last  deposit  which  took  place  in  the 
British  area  during  what  has  been  called  the  Oolitic  Period  was  of 
fresh-water  origin.  The  first  deposits  of  the  Cretaceous  Period  within 
that  area,  according  to  the  grouping  adopted  by  Sir  C.  Lyell,  were  in 
like  manner  fresh-water  deposits.  Professor  Phillips  groups  all  these 
fresh-water  deposits  together,  and  includes  them  in  the  Oolitic  seiie^ 
Perhaps  the  best  way  would  be  to  interpolate  another  distinct  period 
between  those  called  Oolitic  and  Cretaceous,  and  to  include  in  it  the 
Purbeck,  the  Wealden,  and  the  Lower  Greensand  deposits  ;  but  this  has 
not  yet  been  attempted,  and  it  might  possibly  be  attended  with  as  many 
difficulties  as  the  present  classification. 

On  both  petrological  and  paleeontological  grounds  it  is  advisable  to 
separate  the  rocks  formed  during  this  period  into  two  large  groups,  a 
Lower  and  an  Upper.    They  may  then  be  tabulated  as  follows  : — 

Feet. 

8.  Maestricbt  and  Fazoe  beds,  Pisolitic  chalk    100 

7.  White  Chalk,  with  flints    .         .         up  to  1000  (or  more). 
6.  White  Chalk,  without  flints 
5.  Chalk  marl 
4.  Upper  Greensand 

8.  Gault       .... 
Iiower       \  ^'  l^^*®'^  C^reen8and 

CretaoeouB.  |  1.  Wealden  beds  |  h^^^ 

The  groups  6,  6,  and  7,  forming  together  the  true  Chalk,  are  the 
most  important  and  persistent  members  of  the  series  in  Britain.  Ther 
spread  in  one  unbroken  range  of  high  swelling  downs  across  England 
from  Dorchester  to  the  coast  of  Norfolk,  where  they  are  broken  through 
by  the  broad  estuary  of  the  Wash  ;  they  re-appear  again  in  Lincolnshire, 
stretching  from  the  Wash  to  the  Humber,  and  again  in  Yorkshire,  where 
they  rise  into  the  hills  called  the  Yorkshire  Wolds,  and  terminate  in  the 
white  difb  of  Flamborough  Head.  In  Wiltshire  and  Hampshire  Ais 
ridge  is  expanded  into  the  wide  undulating  upland  called  SaliBbuir 


Upper 
Cretaoeous. 


„      600 

100 

npto    150 

„       200 

„       850 


CKETACEOUS  PERIOD. 


651 


Plain,  from  which  ihe  chalk  spreads  towards  the  east  until  it  separates 
into  two  distinct  east  and  west  ridges,  one  called  the  South  Downs  run- 
ning north  of  Brighton  and  terminating  in  Beachy  Head ;  the  other 
called  the  North  Downs,  running  by  Guildford  and  Rochester  to  Dover 
and  the  North  and  South  Forelands.  Another  ridge  parallel  to  these 
starts  horn  Dorchester  to  Purbeck  Hill,  and  traverses  the  Isle  of  Wight 
from  the  Needles  to  Culver  Cliffs.  Large  outlying  patches  of  Chalk 
occur  to  the  west  of  Dorchester,  the  most  westerly  being  near  Sidmouth, 
in  Devonshire.  It  is  in  the  south  of  England  only  that  the  group 
called  No.  1,  The  Wealden  Beds,  is  to  be  found,  chiefly  in  the  country 
between  the  two  ridges  just  spoken  of  as  the  North  and  South  Downs, 
or  to  the  southward  of  that  which  runs  through  Purbeck  and  the  Isle 
of  Wight 

The  following  drawing  (Fig.  163)  represents  a  section  through  part 
of  the  west  coast  of  the  Isle  of  Wight,  where  the  Cretaceous  series  and 
8ome  of  the  beds  above  them  may  all  be  seen  in  the  space  of  about  a  mile.* 


•     a    c 

Fig.  103. 
Section  tiirongh  ShalcomlM  Down,  on  the  western  ooMt  of  the  Isle  of  Wight 

**™''i*'*?*^    JTertUry  rocks.  ^^ 

g.  Plastic  clay      f  ' 


clay 

/.  Chalk  with  flintst    . 
e.  Chalk  without  flints  and  chalk  marl 

d.  Upper  Oreensand 

e.  Oaolt  .... 
b.  Lower  Oreensand 

ck  Wealden  beds,  exposed  to  a  depth  of 


1200 1 

soot 

100 
120 
800 
400 


A  similar  section  by  Mr.  Bristow  is  given  in  Sheet  56,  in  a  line 
running  through  Purbeck  Hill,  in  which  the  total  thickness  of  the 
chalk  is  1400  feet,  and  that  of  the  Wealden  beds  also  1400  feet,  the 
Purbeck  beds  below  them  showing  196  feet:^ 

The  Iiower  Cretaoeous  Books. 

Under  this  division  are  embraced  two  groups — the  Wealden  and 
the  Lower  Greensand. 

*  This  section  is  reduced  fh>m  Sheet  47  of  the  Hor.  Sees,  of  the  Oeol.  Survey,  drawn  by 
Mr.  Bristow. 

t  The  chalk  with  flints  has  been  made  much  too  thin  in  this  woodcnt,  and  that  without 
flints  too  thick.    See  Whitaker,  Qwiri.  Joum.  QtoL  Soc,  vol  xxl  pp.  400»  406. 

I  See  also  the  sections  on  the  margin  of  Professor  Ramsay's  Map  of  England  and  WoJUm, 
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1.  Th«  Waildsn  Bsda,  W  called  (torn  their  now  fomung  a  diitrict 
known  aa  the  Weald  of  Kent,  Surrey,  and  Sussex,  cotuUt  of  a  greai 
series  of  aandatones,  shales,  clays,  and  sands,  with  a  fev  beds  uf  limestone 
and  ironstone  occasionally.  They  are  often  full  of  large  fragments  of 
drift  wood,  and  of  the  remains  of  fresh-water  shells,  and  of  some  fresh- 
water and  some  land  animals  (reptiles).  In  general  appearance  the 
Wealden  locks  not  uofreqiiently  resemble  some  of  the  Coal-meaanies  aS 
the  true  Caibouiferons  Period.  These  beds  suggest  a  delta  formed  U 
the  mouth  of  some  laige  river,  which  brought  down  the  sweepings 
of  a  great  tract  of  dry  land  to  the  area  lying  between  Purbeck  and 
Boulugne. 

The  Wealden  rocks  are  commonly  divided  into  two  gnmpa — 

Feet. 

6.  The  Weald  Clay      ....  600 

a.  The  Bastings  Sand  .  1000 


FduU  Oruup  No.  S4.— Wuldeo  FobUk 

a.  Endogenitei  eron.  c  UdIo  Hantellli.  t.  CTpiidu  TaldeoiU. 

b,  Cynni  inadii.  d.  Filadlu  SmrloniBL  f.   IguDodon  lluiteim. 

These  distinctinns,  however,  seem  hardly  to  be  carried  out  by  ai^ 
predse  line  of  demarcation.     The  lower  beds  are  more  arenaceous,  snd 
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the  upper  more  argillaceous  ;  but  great  beds  of  clay  occur  interstratified 
with  the  Hastings  Sands,  and  beds  of  sand  with  the  Weald  Clay.  It  is 
probable  that  these  beds  change  their  character  laterally  as  well  as 
vertically,  great  banks  of  sand  and  large  deposits  of  mud  having  been 
formed  side  by  side.  The  sandstones  are  sometimes  impregnated  with 
carbonate  of  lime,  so  as  to  become  calcareous  grits,  and  small  beds  of 
limestone  (forming  Petworth  or  Sussex  Marble),  chiefly  consisting  of 
fresh-water  snail  shells  (Paludina),  occur  here  and  there  in  the  clay. 
Local  names  were  given  by  Dr.  Mantell  to  the  difierent  parts  of  the 
Wealden  series  in  different  places,  as  Ashbumham  Beds,  Worth  Sands, 
Tilgate  Beds,  Horsham  Beds,  etc,  the  Ashbumham  Beds  being  the 
lowest  of  the  series. 

Mr.  Drew,  late  of  the  Geological  Survey,  has  described*  with  more 
precision  the  greater  part  of  the  formation  as  it  exists  around  Tunbridge 
Wells,  and  has  since  treated  of  its  most  easterly  extension.  His  classi- 
fication, which  is  adopted  on  the  maps  of  the  Geological  Survey,  is  as 
follows : — 

Feet. 
5.  Weald  Clay,  with  some  local  beds  of  stone,  10  feet  thick  near  Hor- 
sham, and  hence  called  Horsham  stone,  lying  about  120  feet 

above  the  base  of  the  clay 600 

'  4.  Tunbridge  Wells  Sand,  with  a  bed  of  clay  called  Grin- 
stead  clay,  sometimes  50  feet  thick,  coming  in  towards  the 
west  between  the  Upper  sand  above  and  the  Rock-sand  below  150  to  200 
3.  Wadhurst  Clay,  with  one  or  two  little  beds  of  sand,  a 
shelly  limestone,  formed  of  CyrenOy  and  a  band  of  clay- 
ironstone,  once  largely  used  for  iron-ore 
2.  Ashdown  Sand,  like  the  Tunbridge  WeUs  sand,  and  con- 
taining subordinate  beds  of  day  and  ironstone 
1.  Ashbumham  Beds. — Mottled  clays,  shells,  and  sandstones, 
sometimes  with  layers  of  limestone ;  the  bottom  not  shown 


I 

2 


100  to  160 


160  to  250 


830 


Characteristic  Fossils  of  the  Wealden  Beds, 


Plants  . 


Conch^era 


Cfasteropoda 


Clathraria  Lyellii   . 
Endogenites  erosa  . 
Equisetum  Lyellii  . 
Lonchopteris  Mantellii 
Sphenopteris  gracilis 
Thuytes  Kurrianus 
Cyrena  m^jor 
— —  media 
Mytilus  Lyellii 
Unio  Valdensis 

Mantellii 

Cerithium  carbonarium. 
Melanopsis  tricarinata 


Mantell's  Meds.,  ch.  vi. 
Foss.  gr.  34,  a. 
Mantell's  Meds.,  fig.  12. 
Geol.  Tr.  voL  i.,  2d  ser. 
Ly.  Man.,  fig.  347. 
Mantell's  Meds.,  fig.  62. 
GeoL  Tr.  vol.  iv.,  2d  ser. 
Foss.  gr.  34,  6. 
CJeoL  Tr.  voL  iv.,  2d  ser. 
Tab.  V.  and  Ly.  Man.  fig.  344. 
Foss.  gr.  34,  c. 

€^1.  Tr.  vol.  iv.,  2d  ser. 


*  Qtujurt.  Jcfwm.  Geol.  See.,  xvii  p.  271.   Memoir  on  Sheet  4  of  the  Geological  Survey  Bfap 
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Ocutercpoda 


Crustacea 


Fiah 


neptOea 


Birds  .     . 


Neritina  Fittoni     . 
Poludina  fluviorom 

Sussexensis 

Cypridea  Valdensis 
Estheria    Elliptica,   var, 

qnadrata  . 
Oyrodos  Mantellii . 
Lepidotns  Fittoni  . 
Pycnodus  Mantellii 
Hybodos  sabcarinatos 
Cetioeauros  brevis  • 
Chelone  Bellii 

GoniophollB  crasaidens 

+  Hylffiosaorus  Owenii 
Iguanodon  Mantellii 
Pterodactylus  Cliftii 
Streptospondylos  major 
Tretosternon  Bakevellii 
Palttomis  CliftiL 


GeoL  Tr.  toL  It.,  2d  ser. 
Foss.  gr.  Zi,  d. 
Tab.  View. 

Fobs.  gr.  34,  e  (magnified), 
sub-     )  Sow.  in  Fitton's  Mem.  pL  17, 
fig.  8. 


Agassiz. 

Owen,  PaL  p.  lOS,  fig.  26. 
ManteU'a  TiL  foes.,*  t  9. 
Mantell's  Meds.,  fig.  240. 
Owen,  Odont  p.  285,  pL  62, 

fig.  9. 
Mantell's  Wond.*  7th  ed. 
Mantell*s  Meds.,  ch.  xriL 

Ibid,     TU.  fosa. 
Ow.  Brit.  Ass.  Rep. 
Bfantell's  Meds.,  %  241. 


S.  The  I*ower  Greenaandt  is  best  seen  at  Atherfield  and  other 
places  in  the  Isle  of  Wight,  and  at  Hythe  and  Folkestone  on  the  coast 
of  Kent     In  the  latter  district  it  consists  of  the  following  beds : — § 

Fett> 
4.  Folkestone  Beds,  sand  with  layers  of  calcareons  grit         ...      90 

3.  Sandgate  Beds,  greenish  clayey  sand 80 

2.  Hythe  Beds  (Kentish  Bag),  alternations  of  sandy  limestone,  and  rather 

calcareous  sand .60 

1.  Atherfield  CQaj,  brown 90 

These  divisions  vary  both  in  character  and  thickness  westward,  and 
No.  3  is  sometimes  absent  In  Surrey  the  total  thickness  is  much 
greater.  The  clays  are  sometimes  excellent  fullers'  earth,  60  feet  in 
thickness,  and  are  most  abundant  in  the  lower  part  of  the  formation, 
the  upper  being  almost  entirely  sands.  The  general  colour  is  dark 
brown,  sometimes  red,  and  the  sands  are  often  bound  together  by  an 
abundance  of  oxide  of  iron,  from  which  the  formation  was  formerly 
called  Iron  Sand.  It  has  also  been  called  Shanklin  Sand  from  a  place 
in  the  Isle  of  Wight.  It  derives  its  name  of  Qreensand  from  the 
occurrence  of  a  number  of  little  dark  green  specks  (silicate  of  iron)  which 
are  sometimes  so  abundant  as  to  give  a  greenish  tinge  to  some  of  the 
beds ;  but  the  term  "  green  **  is  generally  quite  inapplicable  as  a 
description^  though  it  still  remains  as  a  commonly  received  name.    The 

*  Dr.  Mantell's  TUgate  FonUt,  and  Wtmders  ofGtoUtn. 
t  See  also  Owen's  PatoonloI<vy,  and  Bnckland's  Bridg^waUr  TVeotiM. 
t  For  ft  detailed  account  of  tiiis  formation  in  Tarious  parts  of  England,  see  Dr.  FHtca't 
paper.  7inan«.  QeoL  Soe.,  ser.  2,  vol.  It.  p.  108. 

I  Memoir  on  Sheet  4  of  the  Geological  Survey  Map  (by  F.  Drew)i 
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whole  formatioik  in  fiiitain  is  very  varioiu  in  chftiactei  and  tliickneea, 
its  maximum  being  843  feet  in  the  lale  of  Wight.* 

The  beds  immediately  above  the  Weald  Clay  show  sometimes  a  sort 
of  passage  lithologically,  as  if  partly  mode  up  of  those  below,  while  the 
foHeils  are  quite  distinct,  being  entirely  marine.  It  appears  that  a  de- 
pieaaion  had  taken  place  and  allowed  the  sea  to  flow  over  the  area 
which  had  been  prenoniily  covered  with  fresh  water.     The  change  may 


FoBflU  Oroup  Kd.  &9. — Lower  QrHDund  FouiJi, 

B.  Holocyitli  elegu*.  d.  Emgrn  iiluluU. 

i.  RhynchonelU  QlbbtU.  i.  OarvUKs  uioepa. 

c  TersbimtuJa  hUa.  /.  Bpban  aonoisiU. 

g.  Anerlwuini  glgai. 

tbna  be  one  of  conditions  rather  than  one  of  great  lapse  of  time — a 
Bupposilion  strengthened  by  the  fact  of  the  bones  of  the  Igvatwdon 
Mantellii  being  found  in  the  Lower  Oreensand,  showing  that  the  great 
reptile  still  hved  on  some  neighbouring  land,  and  that  an  occasional 
carcass  of  it  was  swept  out  to  sea. 

At  its  north-western  outcrop  (in  Oxfordshire,  Buckinghamshire, 
Bedfordshire,  and  Norfolk),  this  formation  consists  of  sand,  often  with 
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masBes  of  iron  sandstone.  In  Berkshire  it  occurs  under  the  local  condi- 
tion of  the  "  Fatringdon  Gravel,"  containing  a  great  number  of  fo»ils 
from  oolitic  beds^  as  described  by  Mr.  Godwin  Austen.* 


Characteristic  Fossils  of  the  Lower  Oreensand. 


Plants      .     . 

Actiriozoa 

Echinodermata 


Crustacea 
Brachtopoda  . 

Conchifera 


Abietites  Benstedi . 
Holocystis  elegans 
Cardiaster  Benstedi 
Hemipneustes  Fittoni 
Salenis  punctata     . 
Meyeria  Vectenais  . 
Rhynchonella  Gibbsii 
Terebratula  sella    . 
Astarte  Beaumontii. 
Cardium  sphseroidium     . 
Cucullaea  coatellata 
Cythersea  parva 
Exogyra  sinuata 
GervUlia  anceps 
Myacites  mandibula 
Pema  MuUeti 
Requienia  (Diceras)  Lonsdaleii 
Sphsera  corrugata  . 
Thetis  minor 
Trigonia  daedalia    . 


caudata 


Oasteropoda   . 
Cephalopoda  . 


Pleurotomaria  gigantea  . 
Pteroceras  Fittoni 
Ammonites  martini 
Ancyloceras  (Scaphites)  gigas 
Belemnites  dilatatus 
Oioceras  Duvalii. 
Nautilus  plicatua    . 
Reptiles    .     .     Protemys  serrata   . 


Q.  J.  G.  S.,  voL  iL 
Foss.  gr.  35,  a. 
M.  G.  S.,  Dec  4- 

lUd, 
Tab.  View. 

Mantell's  Wonders,  fig.  7S. 
Foss.  gr.  85,  6, 
Ihid.     35,  c 

Q.  J.  G.  &,  vol.  i 

Sow.  M.  C.  447. 
IHd.       518. 

Foss.  gr.  35,  d. 
Ibid.     85,  e. 

Sow.  M.  C.  43. 

Tab.  V.  and Ly.  Man.,  fig.  330. 

Tab.  View. 

Foss.  gr.  85,  /. 

Tab.  View. 

Sow.  M.  C.  88. 

i  Tab.  V.  and  PhilL  Man.,  fig. 
[      286. 

GeoL  Tr.  vol.  iv.,  2d  ser. 

Tab.  View. 
JUd, 

Foss.  gr.  35,  g. 

Mantell's  Med.,  fig.  141. 

Tab.  View. 

Owen.  Br.  Foss.  Rept. 


The  Upper  Cretaceous  Rocks, 

8.  Gault. — This  is  a  stiff  blue  clay,  often  used  for  brickmakdng. 
It  can  be  seen  very  well  at  Cambridge  and  at  Folkestone,  and  at 
various  places  below  the  escarpments  of  the  chalk.  To  the  north  of 
Cambridgeshire  it  stretches  into  Norfolk,  but  disappears  when  the 
"  Red  Chalk  ^  sets  in.  The  fossils  in  it  are  often  beautifully  pre- 
served, as  in  other  similar  clays,  having  been  well  packed  and  pro- 
tected from  atmospheric  or  other  influences. 


Foraminifera 
Actinozoa 


Characteristic  Fossils  of  the  GauU. 

Rotalina  caracolla. 

Cyathina  Bowerbanki     .  .  Br.  Foss.  Cor. 

Cyclocyathus  Fittoni      .  .  Tab.  View. 

Trochocyathus  conulus   .  .  Foss.  gr.  36,  a. 


♦  Quart.  Jowm,  OeoL  Soc.,  voL  vi.  p.  4M. 
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Br.  Fobs.  Cot. 

Hemiartar  Bsilyi    . 

M.  Q.  B.,  Dec.  6. 

Pontacriiras  Pittoni 

Geol.  Tr.  vol.  St. 

Serpnl*  irticolata  . 

Sow.  U.  C.  B9». 

i  Til),  v.,  ttnd   M 

fig.  168. 

loocenuniui  conceDtricmi 

.        Tab.  View. 

.          Fobs,  gr,  38,  b. 

NncnU  pectinBU    . 

.        Tab.  View. 

Plitatula  pectinoidM 

.         Fobs.  gr.  36,  «. 

DenUlinra  flllipticum 

Tab,  View. 

Natica  Oanltina       . 

Ibid. 

RoBtellaria  csrinata 

Pom.  gr.  38,  d. 

gcaluia  Gaoltiaa    . 

Ibid.     38,  e. 

Tab.  View. 

BellBrophina  minut. 

.         Fi«a.  gr.  36,  /. 

Ammonites  deiitatna 

Tab.  View. 

FouU  Onnip  No.  SO. 
Quit  Foam. 
I.  TrochoejaUia*  eoimliii.  e.  ScklaHa  Oanltlu. 

:,  Flicatula  pectiDoideL  g.  Ammoaltei  Bpleodfli 

'  ~ kta.  K  BaialM*  attaBsaRia. 

2  U 
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Cah^dofoia  ,     AmmonltaUDtiii  T&b.  View. 

tbid. 
Tow.  gr.  SO,  g. 
Tib.  View, 

Belamnites  minimus 

Hwnit«  itUmuBtiu        .        .         Von.  gr.  38,  A, 

<AncycIoce™»)  ipinigar       Ly.  Man.  fig.  325, 

H«licocera«  (HuniUa)  rotundiu        Tab.  View.. 

4.  ITpper  Orseiuuid This  Bet  of  beds  often  reeemblea  the  Lowti 

QreeDsand  in  Uthological  character,  bnt  the  Mme  caution  is  to  be  used 
in  taking  its  designation  for  a  itamt  oa\j  and  not  for  a.  dacriptioK,  u 
the  sands  are  by  no  means  alwaj^  gi^en,  and  other  sands,  espedallt 
Bome  Tertiary  sands,  are  to  be  found  quite  as  gieen,  or  greener,  tlun 


FosaU  Gnmp  No,  S7.--tlppei ' 

a.  Chnsndopon  fangifnrmi*. 

b.  Hlcnbacli  coronutt. 
<,   Ecbiniu  gnnnloaiu. 


d.  Tenbntnli  UpUaU. 
«.  ExDgTTm  colurabt. 
/.  FectuDcolui  lablioll. 


those  which  have  received  the  name  of  "  Greensand."  In  Donetahin 
and  the  south-west  of  England  the  upper  part  of  the  deposit  is  a  saitd- 
Btone  or  grit,  with  many  bonds  and  layers  of  chert.  This  sandstone  is 
the  Firestone  of  Surrey,  where  it  is  worked  at  the  foot  of  the  ChaU: 
Downs  neai  Nutfield.     In  Hampshiie  the  sandstone  becomeB  vei;  c»l- 
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careons  and  white  in  colour,  so  much  so  as  to  be  easily  mistaken  for 
some  of  the  hard  beds  of  the  Lower  Chalk,  into  which  this  Malm  Rock 
(as  it  is  locally  called)  seems  to  pass  in  a  northerly  direction,  so  far  as 
mineral  character  is  concerned.  A  thin  bed  of  phosphatic  concretions, 
sometimes  probably  coprolitic,  and  therefore  valuable  to  the  agricul- 
turist, is  generally  met  with  between  the  Firestone  beds  and  the  lower, 
most  part  of  the  Chalk.  This  band  of  Chloritic  Marl,  as  it  is  called, 
was  assigned  to  the  latter  series  by  Edward  Forbes,  from  the  first  ap- 
pearance in  it  of  Scaphites  and  other  chalk  fossils.  It  has  been  sur- 
mised that  the  Upper  Oreensand  may  be  in  part  a  shore  deposit,  and 
therefore  contemporaneous  with,  rather  than  preceding,  the  lowest  beds 
of  the  chalk  ;  but  wherever  the  two  are  together,  we  always  find  the 
Upper  Greensand  underneath  the  Clialk  MarL  In  Cambridgeshire  the 
Upper  Greensand  is  often  not  more  than  nine  inches  thick,  but  it 
thickens  towards  the  west  and  south,  and  in  Wiltshire  and  the  Isle  of 
Wight  is  over  100  feet.  In  the  latter  place,  and  in  Dorsetshire  and 
Devonshire,  it  consists  lai^ely  of  sandstone,  with  layers  of  chert. 


Characteristic  Fossils  of  the  Upper  Oreensand, 


SpongidoB .     . 

A^ctinozoa . 
EchifboderTnata 


Annelida  ,     . 
Brachiopoda  . 


Conchifera     . 


Oasteropoda  . 
Cephalopoda  . 


Chenendopora  fungifonms 
Siphonia  pyrifonnis 
Yerticillites  anastomosans 
Micrabacia  coronula 
Parastnea  stricta  . 
Catopygus  carinatos 
Diadema  Bennettue 
Discoidea  subucnlus 
Echinus  granulosus 
Salenia  personata  . 
Vermicularia  concava 
Rhynchonella  latisdma 
Terebratella  pectita 
Terebratula  biplicata 
Terebrirostra  lyra  . 
Area  carinata 
Cardium  Hillanum 
Cucullfloa  fibrosa  . 
Exogyra  columba  . 
Orypheea  vesiculosa 
Pecten  quinquecostatus 
Pectunculus  subkeris 
Thetis  major 
Trigonia  drndalia  . 
Actnon  affinis 
Natica  Gkntii 
Turritella  granulata 
Ammonites  auritun 
■  rostratus 


Fish     .     .     .     Edapbodon  Sedgwicki 


Foss.  gr.  87,  a. 

Tab.  v.,  and  Ly.  Man.  320. 

Mant.  Med.,  fig.  70. 

Foss.  gr.  37,  b. 

Br.  Foss.  Cor. 

M.  G.  S.,  Dec.  1. 

lUd,     Dec  5. 

Ibid.     Dec.  1. 
Foss.  gr.  37,  c. 
Tab.  View. 
Tab.  View. 
Dav.  Cr.  Brach. 
Tab.  View. 
Foss.  gr.  37,  d. 
Lj.  Man.,  fig.  323. 
Sow.  M.  C,  44. 
Tab.  View. 

IMd. 
Foss.  gr.  37,  e. 
Sow.  M.  a,  869. 
Tab.  View. 
Foss.  gr.  37,  /. 
Sow.  M.  S.,  513. 
Tab.  View. 

Ibid. 
Sow.  M.  C,  64. 
Tab.  View. 
Foss.  gr.  37,  g. 
Sow.  M.  C,  173. 

!Ag.  sp.  Poiss.  Foss.  pL  40,  f. 
17, 18. 
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HeptUes    .     .     Professor  Sedgwick,  at  the  meeting  of  the  British  Aaaodatioii  at 

Oxford,  gave  an  account  of  .the  wonderful  reptilian  remams 
that  had  been  lately  discovered  in  the  littie  seam  of  the  Upper 
Greensand  at  Cambridge,  and  of  their  determination  by  Pro- 
fessor Owen.*  Among  them  were  remains  of  Dinosanrianiy 
analogous  to  the  Iguanodon  ;  of  TeUosaurus ;  lehth^fo&oMrtu^ 
five  or  six  ;  Plioaaurus,  one  ;  and  ten  species  of  PterodaetjfU^ 
varying  in  size  from  that  of  a  pigeon  or  Madagascar  bat,  up  to 
one  with  a  spread  of  wing  25  feet  across.  There  were  also 
species  of  Turtles,  large  and  small. 

Birds  ...     In  addition  to  these,  the  bones  of  two  species  of  birds  had  been 

discovered,  which  must  have  been  about  the  size  of  a  pigeon, 
but  belonged  to  the  order  HcUtUoreSf  and  were  perhaps  allied 
to  gulls. 

The  Chalk. — Over  the  beds  ihns'described  extends  the  great  forma- 
tion of  the  true  chalk,  the  subdivisions  of  which  may  be  thus  deecribed : — 

5.  Ohalk  Marl.  —  The  top  of  the  Upper  Greensand  becomes  aigU- 
laceons,  and  passes  upwards  into  a  pale  buff-coloured  marl  or  argillaceouB 
limestone,  sometimes  of  sufficient  consistency  to  be  used  as  a  building 
stone.  This  in  its  higher  portion  begins  to  lose  the  argillaceous  cha- 
racter, and  gradually  passes  into  the  soft  white  pulverulent  limestone, 
familiar  to  every  one  as  chalk.  In  Bedfordshire  and  Buckinghamahire  it 
has,  however,  a  well-marked  top  bed,  known  as  the  "Tottemhoe-atone.''t 

6.  White  Ohalk  without  Flints. — This  is  a  great  mass  of  soft  and 
often  pulverulent  limestone,  thick-bedded,  the  stratification  often 
obscure,  partly  from  the  obliteration  of  the  bedding  planes,  partly  from 
the  abundance  of  quadrangular  and  diagonal  joints,  the  sur&ces  of 
which  are  often  weather-stained,  dirty  green,  or  yellow.  Nodular  balls 
of  iron  pyrites,  radiated  internally,  are  frequent  in  it,  and  by  their 
decomposition  produce  rusty  stains  in  the  rock. 

7.  White  Ohalk  with  Flints. — There  are  no  lithological  distinc- 
tions between  the  Lower  and  Upper  Chalk,  except  the  occurrence  in 
the  latter  of  rows  of  nodules  of  black  flint,  and  occasionally  of  seams 
and  layers  of  the  same  substance.  These  occur  either  along  the  planes 
of  stratification  or  parallel  to  them,  so  that  they  point  out  clearly  the 
original  bedding  of  the  rock.  In  Yorkshire  and  Lincolnshire  there  are 
red  layers  in  this  division,  t  as  is  also  the  case  in  Northern  Germany 
to  a  much  greater  extent 

It  is  rare  to  find,  either  in  the  Upper  or  Lower  Chalk,  anything 
but  pure  limestone  or  pure  flint  Little  pebbles,  however,  sometimes 
occur  in  it,  probably  carried  by  the  roots  of  plants ;  and  in  a  clifi^  a 
little  east  of  Dieppe,  I  once  observed,  in  the  heart  of  the  Upper  Chalk, 
a  little  band,  about  8  inches  thick  and  20  feet  long,  of  brown  clay  or 
marl,  perfecdy  interstratified  with  the  Chalk,  and  not,  as  it  seemed  to 

*  This  seam  is  probably  representative  of  the  chloritic  marl  of  the  south-western  ooontisa. 
t  QuaH.  Joum.  Gtol.  Soc,  vol  and.  p.  89d.  %  Ibid,,  voL  xxJil.  pp.  S37-S4S. 
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me,  coDnected  with  any  pit-holes,  by  which  it  could  have  been  swept 
in  from  the  surface.  Mr.  Oodwin-AnsteD  haa  deBcribed  the  occnirence 
of  B  Ui^  botilder  of  granite,  apparently  of  Scandinavian  origin,  which 
was  found  in  the  Chalk  near  Croydon,  and  other  extt&neous  fragments 
both  there  and  elsewhere.* 

Although  the  Chalk  and  the  Catboniferoua  Limestone  are  so  difFer- 


Fosail  aroBp  Ko.  K.— Lover  Clult  FusaiU. 

a.  Anjmcbytea  »ubg1oboBiu.        d,  Llnu  Hop«rL  0-  Scapb]t«fl  eqiuTIa. 

b.  HhrnclioneUi  CnTieil.  (.  Animonttea  varluu.         k.  Tonllllsi  cobUUi. 
e.   InDCtnmai  mytUoldu.  /.  BMoUtei  uuKp«. 

ent  in  teitare  and  induration,  there  is  yet  a  certain  resemblance  in 
the  forma  of  the  country  they  produce.  Their  hills  have  equally  broad 
undulating  grassy  downs,  the  escarpmente  of  which  are  quite  smooth 
in  the  chalk,  while  they  are  notched  into  steps  in  the  Mountain  Lime- 
stone.    Their  valleys  are  alike  marked  by  scaura,  and  tors,  and  pin- 

•  Quart  Jewnt.  OtOl  Sw.,  toL  iIt.  p  K2.  The  best  »cooant  ot  tbe  lUCCOMlon  ot  bedl 
Id  the  Chslk,  in  a  limited  diatrlct,  is  In  the  admlnble  paper  by  W.  Phillips,  On  the  Chilk 
CUflt  of  DoTer  (Tfam.  GUI.  Sac,,  ur.  I,  toL  t.  p.  IT,  IS18  ;  reprinted  in  Canj'beue  ind 
PUlllpi'i  OuUIui  0/  Otolon  it  £n;!and  and  Wala\  In  ottier  ptrti  tbe  conpooeat  beds 
Hem  to  be  dUTennt  (WUtaker,  Qurl  Jmrn.  OtiA.  Sue,  toL  nL  p.  1IM>. 
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nadea,  m  any  ooe  maj  ee«  by  comparing  the  forms  of  the  rocbs  on  the 
•idee  of  the  valley  of  the  Seine  with  thoee  in  the  valleje  of  Derbydure. 
The  forms  are,  of  coarse,  bolder,  larger,  and  more  duiahle,  in  the  latter 
than  the  former. 

CharacCeriitic  FoaiU  of  tht  Chalk.  —  These  are  very  numeroiu, 
certain  fonoB  being  found  more  or  less  common  throughout  the  Cbilk, 
and  eereral  being  common  to  the  whole  Upper  Cretaceon!"  neries,  from 


b  a*ltrit«  ilbogsleraa. 
d.  If  ierutflr  Boi4iigiiliiniD. 

1.  BclsDintUIli  mnBrauU. 

the  Oault  to  the  Upper  Chalk.  It  appears  that  it  is  possible  to  seled 
two  lists  of  fossils,  one  set  being  either  peculiar  to  the  lower  part  of 
the  chalk,  or  most  abundant  in  it ;  the  other  set  being  equally  confioed 
to,  or  most  common  in,  the  upper  part  of  it  It  seems,  however,  to 
me,  to  be  the  best  for  the  sake  of  reference  to  unite  the  two  liats  with 
which  Ur.  Boily  haa  supplied  me,  appending  to  each  species  a  U.  foi 
the  Upper  Chalk,  l:  for  the  Lower  Chalk,  and  M.  for  the  Chalk  Uad. 
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JF'oramdni/era . 

Actinoxoa .     . 
Echinodermata 


Annelida  .  . 
Crustacea .  . 
Pclyzoa    •     . 

Bmchiqpoda  . 


Canch\fera     . 


Choanites  Eonigi,  U. 
Yentriculites  decurrens,  U. 

radiatus,  U. 

Bulimina  obliqna,  U. 
Cristellaria  rotulata,  U.  . 
Dentalina  gracilis,  U. 
Botalina  omata,  U. 
Ccelosmilia  laxa,  U. 
Stephanophyllia  Bowerbankii,  L. 

Ananchytes  ovatuSi  U.     . 

Ananchytes  snbglobosus,  L. 
Bourgueticrinus  ellipticus,  U. 
Oardiaster  granulosus,  U. 
Cidaris  perornata,  U. 
Discoidea  cylindrica,    L. 
Oalerites  albogaleros,  U. 
Goniaster  Parkinsoni,  U. 
Marsupites  oraatus,  U. 
■  Micraster  cor^anguinom,  U. 
Salenia  Austeni,  L. 
Serpnla  amphisboena,  L. 
Euoploclytia  Susseziensis,  L. 
Heteropora  cryptopora,  U. 
Lnnulitee  cretaceus,  U. 
Crania  Ignabergensis,  U. 

Parisiensis,  U.     . 

Magas  pomila,  U. 
Bhynchonella  Cuyieri,  L. 

octoplicata,  U. 

Terebratola  camea,  U.    . 
Terebratulina  striata,  U. 
Exogyra  conica,  U. 
Inoceramus  Brongniarti,  U. 

Lamarckii,  U. 

mytiloides,  L. 

Lima  Hoperi,  L.     . 
Ostnea  irons,  L.     . 

yesiciilaris,  U. 

Pecten  Beaveri,  L. 
nitidns,  U. 


Oaateropoda  . 
Cephalopoda  . 


Tab.  V.  and  Mant  Med.,  fig.  75. 
Tab.  V. 

Ly.  Man.,  fig.  818,  and 
Mant  Med.,  fig.  81. 

Mant.  Med.,  fig.  109. 


Brit  Fobs.  Cor. 

Ibid. 
Tab.   V.    and 
Mant  Med.,  fig.  104. 
Fobs.  gr.  38,  a. 
Dix.  Foes.  Suss.* 
Tab.  View. 
Dix.  Foss.  Suss. 
Mem.  G.  S.,  Dec  1. 
Fosa.  gr.  39,  c. 

Ibid.     39,  b. 

Ibid,     39,  a. 

Ibid,     39,  d. 
M.  G.  S.,  Dec.  5. 
Ooldfiiss. 
Mant  Med.,  fig.  169. 

Mant.  Med.,  cut  70,  fig.  1. 
Foss.  gr.  89,  e. 
Tab.  View. 

Tab.  V.  and  Ly.  Man.  300. 
Foss.  gr.'  38,  b. 
Tab.  V.  and  Ly.  Man.  299. 
Foss.  gr.  39,/. 
Dav.  Brach. 
Sow.  M.  C.  605. 
Ibid.        441. 
Tons.  gr.  39,  g. 

Ibid.     38,  c. 

Ibid.     88,  d. 
Sow.  M.  C.  365. 
Ly.  Man.  fig.  309. 
Ibid,    fig.  304. 
Foss.  gr.  89,  A. 
Sow.  M.  C.  409. 
PhUL  G.  Y.  t  2. 


Plicatula  inflata,  L. 

Pholadomya  decussata,  L. 

Spondylos  (Plagiostoma)spino8U8,U.  Tab.  View. 

Avellana  cassis,  L.  .  D'Orbigny. 

Phorus  canaliculatns,  L.  .  Ibid. 

Pleurotomaria  perspectiya,  U.  Sow.  M.  C.  428. 

Ammonites  complanatus,  L.     .  Ibid.      94. 

Bothomagensis,  M.  Ly.  Man.,  fig.  824. 

varians(Chloriticmarl),L.  Foss.  gr.  88,  e. 

Bacidites  anceps,  L.         .        .  Ibid,     88,  /. 

Belemnitella  mucronata,  U.      .  Ibid.     89,  i. 


*  Dixon's  FotiUs  qf  SvMex, 


664 


STRA.TIGRAPHICAL  GEOLOGY. 


Cephalopoda  .     Belemnitella  plena,  L. 

Hamites  simplex,  L. 

Nautilus  elegans,  L. 

Scaphites  equalis,  L. 

Turrilites  costatus,  L. 
Fish    .     .     .     Beryx  Lewesiensis,  U. 

Larana  acuminata,  U. 

Macropoma  Mantellii,  U 

Osmeroides  Lewesiensis,  U. 

Otodus  appendiculatus,  U. 

Ptychodus  decurrens,  L. 
Reptiles    .     .     Chelone  Benstedi,  L. 

Dolichosaurus  longicoUus,  L. 

Ichthyosaurus  caropylodoii,  L. 

Mosasaurus  gracilis,  U. 

Plesiosaurus  Bernard!,  L. 

Polyptychodon  intemiptus,  L. 

Pterodactylus  Cuvieri,  L. 


Sharpe,  Chalk  MolL* 
D'Orbigny. 

Mant  Med.,  fig.  151. 
Foss.  gr.  38,  g. 
Ibid.     88,  h. 
ManteU*s  Wond.,  fig.  Sa. 
Dix.  Foss.  Suss. 
Mantell's  Wond.,  fig.  80. 
Ibid.  79. 

Dix.  Foss.  Suss. 
Ly.  Man.,  fig.  821. 
Mant.  Med.,  fig.  238. 
Dix.  Foss.  Suss. 

Ibid. 
Mant.  Med.,  ch.  xviL 
Dix.  Foss.  Suss. 
Ibid. 


Ow.  Br.  Foss.  Rep. 

There  are  in  Britain  f  no  beds  containing  chalk  fossils,  or  in  any 
way  belonging  to  the  Chalk,  lying  above  the  true  Chalk  with  flints. 

8.  Maestrioht  or  Pisolitio  Chalk. — In  parts  of  the  North  of  Franoe, 
however,  there  occur  curious  banks  of  a  white  pisolitic  limestone,  rest- 
ing apparently  in  hollows  of  the  chalk,  not  always  on  exactly  the  upper 
portion  of  it,  and  being  therefore  apparently  slightly  uncomformable  to 
it.  It  occurs  also  sometinies  on  the  same  level  as  the  lower  beds  of  the 
Tertiary  rocks  about  it  The  fossils  are  rather  peculiar,  but  some  of 
them  are  true  Cretaceous,  while  none  I  believe  are  Tertiary  fonns. 
Near  Maestricht,  in  Holland  also,  the  chalk  with  flints  (No.  7)  is 
covered  by  a  kind  of  chalky  rock  with  grey  flints,  over  which  are  some 
loose  yellowish  limestones,  without  flints,  and  being  sometimes  almost 
made  up  of  fossils.  Similar  beds,  containing  some  of  the  same  fosaik^ 
occur  also  at  Faxoe  in  Denmark. 

Characteristic  Fossils. — Together  with  several  true  Cretaceous  foasils, 
such  as  Pecten  quadricostatus,  Belemnites  mucronatus,  Terehratula  eamea, 
etc.,  these  beds  contain  species  of  the  genera  Voluta,  FasdoUvruiy  Cypraa^ 
Oliva,  Mitra,  Cerithium^  FitsuSj  TrochuSy  Patella,  EmarginMla^  rtc, 
several  of  which  genera  are  elsewhere  found  in  Tertiary  rocks  only. 
In  the  beds  near  Maestricht,  the  head  of  a  lai^ge  lacertilian  reptile  was 
formerly  discovered,  which  received  the  name  of  Mosasaurus  HofmoHni^ 
of  which  the  head  alone  is  more  than  three  feet  long.  § 

Outlying  Engliah  Deposits. — There  are  some  outlying  deposits 
in  different  parts  of  England,  respecting  which  there  are  some  doubU 
as  to  their  exact  place  in  the  series. 

•  <<  Chalk  MoUusca,"  by  D.  Sharpe— Pal.  Soe. 

t  It  was  stated  at  the  meeting  of  the  British  Association  at  Oxford  that  near  Varmek 
beds  occarred  like  the  Maestricht  chalk.  It  was  also  said  that  a  boring  had  been  pnt  dove 
there  800  feet  in  the  chalk  with  flints,  without  piercing  through  into  the  Chalk  without  flints 

X  Mantell's  ifed».,  Fig.  227.  |  Owen's  Palaaontology,  p.  SUi 
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The  Speeton  Clay  of  Yorkshire  lies  immediately  underneath,  but 
unconformable  to,  the  **  Red  Chalk/'  and  rests  upon  the  Coralline  Oolite. 
In  its  lower  part  it  consists  of  beds  of  Eimeridge  and  Portland  age,  but 
in  its  upper  part  we  find  500  feet  of  blue  clay,  which  by  its  character- 
istic fossils  is  proved  to  belong  to  the  "  Neocomian "  formation,  the 
higher  part  being  the  equivalent  of  the  Lower  Qreensand  of  the  south 
of  England,  and  the  lower  part  probably  representing  the  Wealden.* 
Like  beds,  but  interbedded  with  sandy  limestones,  sandstones,  and 
ironstones  of  oolitic  structure  (the  "  Tealby  Series  "),  occur  in  Lincoln- 
8hire.t  The  whole  of  these  beds  have  a  remarkable  resemblance 
to  the  Neocomian  (Hilsthon  and  Hilsconglomerat)  of  North-western 
Germany,  and  they  are  especially  interesting,  as  being  the  only  repre- 
sentatives of  the  lower  part  of  the  marine  Neocomian  in  this  countiy. 

The  Greensands  of  Black  Down,  on  the  borders  of  Devonshire,  in- 
clude a  mixture  of  fossils  which  elsewhere  are  confined  to  the  Lower 
Greensand,  the  Gault,  and  the 'Upper  Qreensand. 

The  fresh-water  iron  sands  capping  Shotover  Hill,  near  Oxford,  have 
been  mapped  as  Lower  Greensand  by  the  Geological  Survey,  though  it 
is  possible  that  these  may  belong  to  the  Wealden  beds.  X 

The  Red  Chalk  at  the  base  of  the  White  Chalk  of  Norfolk,  Lin- 
coln, and  Yorkshire,  in  which  latter  locality  it  rests  unconformably  on 
the  Speeton  clay,  is  peculiar,  not  only  from  its  lithological  character, 
but  from  containing  some  peculiar  fossils,  along  with  others,  that  range 
from  the  Gault  into  the  Chalk.  Mr.  H.  Seeley  §  supports  the  supposi- 
tion of  its  being  a  part  of  the  Upper  Greensand,  which  is  not  other- 
wise represented  north  of  Cambridge  ;  but  the  Rev.  T.  Wiltshire 
classes  it  with  Gault  || 

The  existence  of  local  groups  of  rock,  however,  that  will  not 
exactly  fit  into  the  general  series,  either  from  their  containing  fossils 
di£ferent  from  those  found  in  any  other  group,  or  from  their  uniting 
ports  of  two  sets  of  fossils  which  are  elsewhere  distinct-;— although 
sometimes  perplexing — seems  to  me  neither  unnatural  nor  different 
from  what  might  be  expected.  It  merely  shows  us  that  which  has  been 
often  before  insisted  on,  namely,  that  our  series  is  a  series  of  frag- 
ments, and  not  one  of  absolutely  continuous  succession.  The  intervals 
of  time  which  have  elapsed  between  the  deposition  of  successive  beds 
have  been  often  very  great,  those  between  formations  may  have  been 
still  vaster ;  hence  the  local  deposits  formed  here  and  there  during 
these  intervals  will  of  course  often  have  characteristics  different  from, 
or  intermediate  between^  the  preceding  and  following  groups. 

♦  J.  W.  Judd,  Quart.  Jmim.  OeoL  Soe,,  toI.  xxiv.  p.  218.  t  Ihid.  vol.  xxili.  p.  227. 

X  See  Ged.  Survey  Memoirt,  Sheet  18  ;  and  alao  Prof.  Phillips  in  Quart,  Joum.  Geol.  Soc., 
▼oL  xiv.  p.  23d. 

I  In  a  paper  in  the  AnndU  and  Magasine  of  Natural  History^  for  April  1861. 
Q  Quart  Joum.  Otol,  Soc,  vol.  xxv.  p.  185. 
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lie  and  Position  of  the  Cretaoeous  Books  in  England. — 

There  is  yet  another  cause  for  uncertainty  in  the  exact  determinatian 
of  the  date  of  some  of  the  deposits  at  the  base  of  the  Cretaceous 
series  in  different  parts  of  Englimd,  and  that  is,  that  they  are  always 
more  or  less  unconformable  to  the  Oolitic  rocks  below.  A  surface  of 
erosion  was  formed  upon  the  Oolitic  rocks  before  the  deposition  of  the 
Cretaceous  beds,  thus  producing  irregularities  in  the  nature  and  thick- 
ness of  the  latter,  as  well  as  gaps  in  the  series.  According  to  Professor 
Phillips,  erosion  is  apparent  in  Oxfordshire  in  the  Oolitic  series  itself^ 
since  he  attributes  the  absence  of  the  upper  part  of  the  Coralline 
Oolite  there  to  its  erosion,  before  the  deposition  of  the  Eimeridge  Clay, 
and  it  has  long  been  known  that  from  Oxfordshire  towards  the  north- 
east, the  Oolitic  beds,  from  the  Oxford  Clay  upwards,  are  successiTely 
overlapped  by  the  Lower  Cretaceous  beds.  The  occurrence  of  a  little 
bank  of  Coral  Rag  near  Upware,  between  Cambridge  and  EHy,  makes 
the  former  continuity  of  that  formation  probable. 

When  we  get  into  Yorkshire,  we  know  that  the  Chalk  itself  rests 
on  the  Lias,  owing  apparently  to  a  local  elevation  of  the  Oolitic  beds 
above  the  sea,  and  their  consequent  denudation  before  the  deposition  of 
any  of  the  Cretaceous  series,  as  shown  in  Phillips's  section  to  his  paper 
on  the  Oolites  of  Yorkshire.* 

The  proof  of  elevation  and  denudation  having  taken  place  in  the 
Oolites  before  the  deposition  of  the  Cretaceous  series,  is  interesting  when 
taken  in  connection  with  the  fact  that  at  Harwich,  Kentish  Town,  and 
Calais,  deep  borings  put  down  in  search  of  water  have,  after  passing 
through  the  Cretaceous  series,  come  down,  not  into  Oolitic  rocks,  but 
into  others  apparently  of  Palceozoic  age.  At  Harwich  they  found  a 
dark  grey  slate  with  Potidonomyay  at  a  depth  of  about  1026  feet,  just 
below  the  base  of  the  Qault  At  Kentish  Town  they  reached  the  base 
of  the  Qault  at  1113  feet,  and  then  passed  through  188  feet  of  red 
rocks,  days,  sandstone,  and  conglomerates,  some  of  which  appeared  to 
me  very  like  the  trappean  breccia  of  the  Permian  rocks  of  the  MidlaTid 
Counties.t  At  Calais  the  Chalk  was  pierced,  and  rocks  identified  as 
true  Coal-measures  were  reached  at  the  depth  of  1100  feet.  On 
following  the  nearly  horizontal  Chalk  into  the  north  of  France  and 
Belgiiun,  the  Carboniferous  and  other  Palesozoic  rocks  in  a  highly  con- 
torted state  come  out  from  underneath  it,  having  suffered  vastly  firoca 
the  denudation  which  produced  the  surface  on  which  the  Cretaceous 
rocks  were  deposited. 

Drawing  a  conclusion  from  these  facts,  Mr.  Qodwin-Austen,  before 
the  boring  of  the  wells  at  London  and  Harwich,  suggested  the  probability 

♦  Qwui.  Joum,  Otol.  Soc.,  voL  xir. 

t  See  Prestwich,  QuarL  Jcum.  GeoL  Soc,  zil.  and  ziv. ;  and  Hemoiit  of  Geological  Sorrey, 
Sheet  1 
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of  a  ridge  of  Carboniferous  and  other  PaUeozoic  rocks  existing  at  no 
great  depth,  and  reaching  from  the  Ardennes  and  the  Eifel  on  the  east, 
to  the  neighbourhood  of  Bristol,  Somerset,  and  Devon  on  the  west,  this 
old  ridge  being  overlaid  unconformably  by  the  Mesozoic  rocks— the 
Triaseic,  the  Oolitic,  and  the  Cretaceous  deposits  successively  over- 
lapping each  other  from  west  to  east,  as  the  old  Paladozoic  land  became 
successively  submerged  in  that  direction.* 

It  is  not  improbable  that  the  anticlinal  of  the  Weald  and  Salisbury 
Plain,  and  the  synclinal  of  the  Hampshire  basin,  with  its  sharp  uniclinal 
curve  running  through  the  Isles  of  Wight  and  Purbeck,  may  be  referable 
to  some  features  in  the  old  surface  below,  producing  an  effect  upon  the 
newer  rocks  above  them,  when  they  were  all  subsequently  acted  on  by 
disturbing  forces,  re-directed  perhaps  into  the  old  east  and  west  lines 
along  which  they  had  acted  at  the  close  of  the  Palaoozoic  period. 

Ireland. — In  the  County  Antrim  and  its  borders.  Chalk  with  flints 
occurs  with  a  maximum  thickness  of  about  200  feet.  It  lies  horizon- 
tally near  the  top  of  the  hills,  just  west  of  Belfast,  and  spreads  in 
horizontal  sheets  over  the  whole  county,  but  is  generally  covered  by  an 
immense  capping  of  basaltic  rocks,  so  as  only  to  show  itself  round  the 
edge  of  the  basalt,  or  as  outliers  on  the  top  of  some  of  the  adjacent 
hills.  (See  Fig.  165.)  It  is  called  in  Ireland  White  Limestone,  as  the 
stone  is  considerably  harder  and  firmer  than  the  friable  rock  which  Ib 
commonly  known  as  Chalk.  It  contains  an  abundance  of  fossils  of  the 
same  species  as  those  found  in  the  Chalk  of  England,  but  also  others  in 
addition,  especially  a  number  of  univalve  shells^t  Mr.  Sharpe,  in  the 
publications  of  the  Palsaontographical  Society,  describes  four  species  of 
Ammonites  as  peculiair  to  the  north  of  Ireland,  and  one  as  common  to 
it  and  the  north  of  France.  He  believes  it  to  be  contemporaneous 
with  the  Upper  Chalk.  It  rests,  however,  conformably  on,  and  seems 
to  pass  down  into,  a  pale  sandy  stone,  mottled  with  green  specks,  which 
becomes  a  loose,  dark,  green  sand  below,  and  is  known  in  the  country  by 
the  name  of  Mulatto  stone.  This  is  never  more  than  about  20  feet  thick. 
It  is  fiill  of  Exogyra  and  other  fossils  of  the  Upper  Qreensand,  so  that  if 
the  White  Limestone  above  it  be  the  Upper  Chalk,  the  Lower  Chalk  must 
be  absent  The  Qreensand  rests  directly  on  30  feet  of  black  shales  with 
lias  fossils,  and  that  on  the  Red  Marls  of  the  Trias.t  (See  section, 
Fig.  166.) 

Foreign  Iiocalities. 

SwitMriomd, — ^The  Cretaceous  series  as  now  described  spreads  over  a  laige  part 
of  western  Europe.  The  Wealden  beds  may  be  seen  at  Boulogne,  with  much  the 
same  characters  as  they  have  in  the  Isle  of  Wight,  but  much  thinner.  §    As,  how- 

*  Godwin-Ansten  on  Possible  Extension  of  Coal-measores  beneath  south-east  of  England. 
Quart,  Joum.  OtoL.  Soc,  toL  xii.  t  See  Jakes'  0«oL  Mag,,  t.  p.  845. 

I  See  Tate,  Quart,  Jcwm.  QtcL  Soe.,  vol.  xzi.  p.  16  (IMftX 
I  See  Topley,  Quart  Joum,  Gtol,  Soe,,  toL  xxIt.  p.  472. 
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ever,  they  are  of  fresh-water  origin,  we  should  expect  to  meet  somewhere  with 
their  contemporaneous  marine  deposits.  M.  Thurman  formerly  described  beds  in 
the  neighbourhood  of  Neufchatel  in  Switzerland,  which  are  probably  the  marine 
equivalents  of  the  Wealden  beds.  They  have  since  been  called  Neooomian,  from 
the  Latinised  name  of  the  Swiss  town. 

M.  Marcou  *  gives  the  following  tabular  account  of  these  beds,  and  of  what  he 
believes  to  be  their  English  equivalents  : — 

Switzerland.  EnglcuuL 

White  limestones.  |  Lower  Greensand    (the 

Limestones  with  green  grains.  {      bottom  part  of  it). 

Marls  of  Hauterive.  ^ 

Yellow  Limestone.  I  Weald  Clay  and  Hast- 

Liraonite.  |      ings  Sand. 

Blue  marls  imfossHiferous.       j 

It  appears  that  the  blue  unfossiliferous  marls,  No.  1,  are  now  known  to  oon- 
tain  a  few  small  fresh-water  and  terrestrial  species. 

The  following  Table  gives  some  of  the  other  Continental  terms  for  the  dif- 
ferent parts  of  the  British  series  : — 


Upfke 

6. 

Neocomian. 

5. 

MiDDLB 

4. 

NEOCOMlAir. 

8. 

Lower 

2. 

Neocomian. 

1. 

B&rnsH. 


Wanting 


Chalk    with    and 
without  flints 


Chalk  Marl 
Upper  Greensand 


Gault. 


Speeton  Clay 


D'Orbiokt. 


Danien 


S^nonien 


Feet 
50 


980 


Turonien    . 
Cenomanien 


.  650 
1600 


Othkr  Authors. 


Lower  Greensand 
and  Wealden  Beds 


Albien 


Aptien 


150 


650 


Neocomien 


8000 


Craie  pisolitique. 
Maestricht  and  Fazoe  beda. 

Craie  blanche,  Ereide,  Scaglia, 
Obere  and  Untere  Kreide, 
and  Phener  Kalk,  Zone  de 
RudisteSy  Calcaire  i  Hip- 
purites. 

Cnde  tufau,  ou  chlorite 

Glauconie  crayeuse,  Quader- 
sandstein,  Tourtia,  Oberer 
Karpathensandstein,  Sys- 
t^me  nervien. 

Syst^me  Aach^nien,  argikg 
t^gidines  (in  jtart). 

Argile  i  plicatules,  Aigito 
tegulines  (in  part). 


Calcaire  i  spatangues^  Aigik 
ostr^ene,  Calcaire  k  Diocr- 
ates,  Hilsconglomeiat  and 
Hilsthon,  Mame  de  Haute- 
rive, Terrain  Jura-Cretace^ 
Biancone. 


*  Lcttref  iur  let  Bochei  de  Jura. 
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Bf.  Alcide  D'Orbigny  says  that  the  Neocomien  beds  between  Marseilles  and 
Cassis,  and  between  Clujes  and  Beausset,  dip  at  23^  for  a  distance  of  8  kilometres, 
or  nearly  five  miles,  which  gives,  he  says,  a  thickness  of  2500  metres  (8200  Eng. 
feet).  The  thickness  of  his  Aptien  beds  he  gets  at  Bedoule  in  the  Basses  Alpes  ; 
and  those  of  his  Cenomanien  and  Toronien  he  takes  from  the  measnrements  of  M. 
Ed.  de  Yemenil  (a  most  trustworthy  authority)  made  in  the  provinces  of  Biscay 
and  Santander  in  Spain.* 

North  America, — Sir  C.  Lyell  describes  in  his  Manual  sandy  and  argillaceous 
beds  as  existing  in  New  Jersey,  and  containing  fossils  of  the  same  species  as  those 
vf  the  Chalk  of  Europe.  They  extend  through  North  Carolina  and  Georgia  round 
the  southern  termination  of  the  Appalachian  chain  into  Alabama  and  Mississippi. 

Dr.  Hector  describes  a  great  series  of  sandstones,  clays,  and  shales  as  occupy- 
ing  all  the  central  part  of  British  North  America  east  of  the  Rocky  Mountains,  f 
These  beds  are  full  of  fossils  belonging  to  the  genera  Exogyra,  Inoceramus, 
Baculitea,  ScaphiUs^  and  other  Cretaceous  forms.  They  likewise  contain  fossil 
plants  and  wood,  and  beds  of  good  coal,  some  of  which  are  six  feet  thick,  and 
are  said  by  Dr.  Percy,  who  examined  specimens  in  his  laboratory,  to  look  very 
like  coal  from  the  Coal-measures.  4l  Messrs.  Meek  and  Hayden  have  described  the 
extension  of  these  beds  southwards  into  tha  American  States. 

SoiUh  America, — Mr.  Darwin  describes  in  the  Andes  of  the  neighbourhood  of 
Coquimbo,  great  beds  of  brown  ai*gillaceous  limestone,  porphyritic  conglomerates, 
and  masses  of  red  sandstone  with  gypseous  rocks,  not  less  than  6000  feet  thick,  as 
containing  in  some  parts  fossils  such  as  Hippurites  and  Baculitea,  and  others 
clearly  Cretaceous,  together  with  Spmferw  like  Sp,  WalcoUii,  and  other  fossils 
more  like  Oolitic  than  Cretaceous  species.  §  He  says  in  his  summary  H  that  strata 
characterised  by  Cretaceous  or  Oolitico-cretaceous  fossils,  having  in  many  places 
a  thickness  of  7000  or  8000  feet,  may  be  traced  from  Columbia  north  of  the 
Equator  to  Tierra  del  Fuego.  They  consist  of  "  black  calcareous  shaly  rocks,  of 
red  and  white  siliceous  sandstones,  coarse  conglomerates,  limestones,  tuffs,  dark 
mudstones,  and  those  singular  fine-grained  rocks  which  I  have  called  pseudo- 
honestones,  vast  beds  of  gypsum,  and  man^ other  jaspery  and  scarcely  describable 
varieties,  which  vary  and  replace  each  other  in  short  horizontal  distances  to  an 
extent  I  believe  unequalled  even  in  any  tertiary  basin."  "  In  Tierra  del  Fuego, 
at  about  this  same  period,  a  wide  district  of  clay  slate  was  deposited,1i  which,  in 
its  mineralogical  characters  and  external  features,  might  be  compared  to  the 
Silurian  regions  of  North  Wales."** 

India. — ^Deposits  at  Pondicheny,  Verdachellum,  and  Trichinopoly,  examined 
by  C.  J.  Kaye  and  the  Rev.  W.  H.  Egerton,  were  shown  by  Professor  E.  Forbes's 
examination  of  the  fossils  to  belong  to  the  Cretaceous  Period,  the  Pondicherry 
beds  to  the  lower  part  of  it,  and  those  of  Trichinopoly  and  Verdachellum  probably 
to  the  Gault  and  Upper  Greensand.  ft 

*  Cown  Elementaire  de  Palaontologie,  A.  D'Orbigny,  tom.  2me. 
i  Quart.  Joum.  Gtcl.  Soc,  voL  xvii  t  Percy's  Metallurgy,  p.  89. 

I  S<mth  America,  Darwin,  p.  212,  etc.  ||  Ibid.  p.  238. 

^  Mr.  Darwin,  of  coarse,  means  that  clay  was  deposited,  which  was  afterwards  meta* 
morphosed  into  slate. 

**  S<yuth  An^erioa,  Darwin,  p.  289.  ft  Quart  Joum.  (hoL  Soc,  vol  i.  p.  79. 


CHAPTER   XXXVin. 
m.  THE  TERTIARY   OR   CAINOZOIC   PERIODS, 

EOCENE  FEBIOD. 

The  nomenclature  of  the  Tertiary  periods  proposed  by  Sir  C  Lyell, 
and  now  all  but  universally  adopted,  is  more  systematic  than  that  d 
the  Primary  or  Secondary  periods.  It  is  based  on  the  gradual  increase 
of  existing  species  in  the  newer  rocks.  The  earliest  of  the  periods  is 
termed  Eocene,  from  the  Greek  words  fjug  and  xaiveg,  signifying  the 
dawn  of  the  recent  ;  the  second,  Miocene,  from  fitiov,  the  minority  of 
recent  species  ;  the  third,  Pliocene,  from  orXs/ov,  the  plurality  of  recent 
species ;  and  the  next,  Pleistocene,  which  expresses  the  recentnese  of 
most  of  the  species.  In  speaking  of  these  species,  however,  it  must 
be  borne  in  mind  that  we  refer  solely  to  the  shells  of  the  mollosca, 
as  our  best  standard  of  comparison  for  the  whole'  series  of  the  geo- 
logical formations.  Sir  C.  Lyell  takes  5  per  cent  as  the  maximum 
of  existing  species  in  any  Eocene  rock,  while  in  some  beds  there 
may  be  none  at  all ;  18  to  25  'per  cent  as  about  the  range  for*  the 
Miocene  period,  upwards  of  60  per  cent  for  the  Pliocene,  while^  when 
the  recent  shells  amount  to  95  per  cent,  we  may  confer  the  deposita 
as  Pleistocene. 

Moreover,  we  must  recollect  that  the  existing  species  may  no 
longer  live  in  the  same  region  in  which  they  are  found  fossiL  Mr. 
Godwin- Austen  observes  that  none  of  the  European  Eocene  species 
now  exist  in  any  European  sea,  the  present  European  molluscous  faosi 
not  having  come  into  existence  till  near  the  end  of  the  Miocene 
period.* 

The  adoption  of  this  principle  of  classification  was  rendered  more 
necessary  in  the  case  of  the  Tertiary  than  the  preceding  epochs,  from 
the  nature  of  the  physical  conditions  of  Western  Europe,  on  the  struc- 
ture of  which  our  classification  is  chiefly  based.  In  the  Primary  and 
Secondary  epochs,  the  area  now  occupied  by  Western  Europe  seems  to 
have  generally  contained  more  sea  than  land,  and  the  rocks  deposited 
are  accordingly  so  widely  spread  as  frequently  to  rest  one  upon^the 
other.     We  can  therefore  often  determine  their  order  of  superposition 

*  Godwin-Aoaten,  in  Forbes'  Not.  Hist,  Europea  Sen$,  p.  251. 
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by  their  geognostic  relations  only — tliat  ia,  by  actually  tracing  each 
group  of  beds  till  we  find  it  plunging  under  the  superior  group  on  the 
one  side,  or  till  the  inferior  group  rises  up  to  the  surface  from  under- 
neath it  on  the  other.  When,  however,  we  come  to  examine  the  Ter- 
tiary rocks  of  the  same  area,  we  find  that,  either  from  having  been  de- 
posited in  separate  seas,  or  from  subsequent  denudation,  or  from  both 
causes  combined,  they  now  form  detached .  patches,  each  patch  ending 
before  it  comes  in  contact  with  the  rest,  so  that  their  order  of  superpo- 
sition can  rarely  be  determined  by  simple  inspection.  To  take  a  con- 
spicuous instance  at  once — ^the  Chalk  of  the  south-east  of  England  is 
continuous  with  that  of  France*  and  Belgium,  and  no  mistake  could 
possibly  be  made  as  to  the  relative  position  of  the  beds  above  and  below 
it.  The  Oolites  below  the  Chalk  are  even  still  more  extensive,  and  can 
be  traced  both  geognostically  and  paloBontologically.  The  Tertiary  beds 
above  the  Chalk,  however,  form  isolated  districts  in  the  synclinal 
hollows  of  the  Chalk,  one  being  called  the  Hampshire  basin,  an- 
other the  London  basdn,  and  a  third  the  Paris  basin  ;  and  if  we  wish 
to  determine  whether  the  beds  of  these  three  districts  are  of  the  same 
age,  or  one  older  than  another,  it  is  obvious  that  we  can  no  longer  em- 
ploy the  positive  evidence  of  an  inspection  of  their  superposition-  We 
must  then  have  recourse  either  to  the  petrological  evidence  of  their 
being  made  exactly  of  the  same  kinds  of  rock  occurring  in  the  same 
order,  or  to  the  palsDontological  evidence  of  their  containing  the  same 
assemblages  of  fossils  occurring  in  the  same  order  ;  but  if  neither  rocks 
nor  fossils  were  precisely  the  same,  then  we  must  fall  back  on  the 
general  rule  or  principle  just  spoken  of,  and  see  which  contained  an 
assemblage  of  fossils  having  the  greatest  approximation  to  living  forms, 
and  this  in  the  case  of  Tertiary  rocks  is  most  easily  determined  by  the 
relative  percentage  of  actually  existing  species. 

In  the  description  of  the  range  of  the  Chalk  across  England,  it  was 
pointed  out  that  a  nearly  continuous  escarpment  extended  from  the 
Wolds  of  Yorkshire  into  Dorsetshire,  and  that  the  dip  of  the  beds  was 
from  the  escarpment  towards  the  east,  at  a  gentle  an^e.  It  follows 
that,  as  the  top  of  the  Chalk  declines  towards  the  east,  and  sinks  be- 
neath the  level  of  the  ground,  it  must  become  covered  by  some  other 
formations. 

In  Yorkshire,  Lincolnshire,  and  Norfolk,  the  escarpment  of  the 
Chlflk  runs  almost  parallel  to  the  sea-coast ;  and  in  consequence  of 
that,  and  its  gentle  dip,  the  formation  has  no  room  to  acquire  any 
depth  before  reaching  the  sea.  From  Suffolk,  however,  it  strikes 
directly  south-west,  through  the  heart  of  the  country  to  Dorset, 
while  its  general  dip  is  towards  the  south-east.     It  becomes  covered 

*  That  the  shallow  fturow  of  the  Straits  of  Dorer  has  been  worn  down  a  little  way  below 
the  level  of  the  sea  into  the  body  of  the  Chalk  does  not  of  coarse  affect  this  assertion. 
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towards  the  south-east,  therefore,  by  a  veiy  considerable  thickne^ 
of  beds  of  more  recent  formation,  most  of  which  belong  to  the  Eocene 
Period. 

There  can  be  little  doubt  that  some  of  the  lowest  of  these  Eocene 
beds,  if  not  the  whole  of  them,  once  stretched  honzontallj  across  the 
whole  south-east  comer  of  England,  from  the  coast  of  Suffolk  to  that  of 
Dorsetshire.  Since  that  time,  however,  the  rocks  below  have  been 
abruptly  elevated  along  the  two  east  and  west  lines,  or  axes,  mentioned 
before,  the  one  running  from  Salisbury  Plain  through  the  Weald  of 
Kent,  and  the  other  along  the  south  coast  of  Dorset  and  the  soathem 
part  of  the  Isle  of  Wight. 

The  denudation  consequent  on  the  lifting  of  the  rocks  along  thede 
two  bands  has  removed  not  only  the  Eocene  beds,  but  in  some  parts 
the  whole  of  the  upper  and  a  good  part  of  the  lower  Cretaceous  seri^. 
Where,  however,  the  elevation  was  not  so  great,  the  Cretaceous  rocks 
have  been  spared,  as  for  instance  on  Salisbury  Plain  and  the  Chalk  be- 
tween it  and  the  Weald  ;  and  here  some  very  small  outlying  patches  of 
the  Eocene  beds  have  also  been  left  unremoved  on  the  top  of  the 
Chalk.*  It  is  then,  in  consequence  of  this  subsequent  elevation  and 
denudation  that  the  Tertiary  beds,  which  repose  in  a  synclinal  hollow 
of  the  Chalk  around  London,  are  separated  from  those  lying  in  the  like 
hollow  of  the  Chalk  around  Southampton. 

The  Chalk  beds  of  the  North  Downs,  running  from  Deal  and 
Dover  to  Guildford  and  Basingstoke,  dip  to  the  north  and  plunge 
under  the  valley  of  tbe  Thames  to  a  depth  of  many  hundred  feet, 
from  which  they  rise  very  slowly  and  gradually  out  towards  the  north- 
west. Any  one  travelling,  even  by  railway,  from  London  southwards 
to  Reigate,  on  the  one  hand,  or  in  a  north-westerly  direction,  to  Tring, 
upon  the  other,  will  see  the  difference  between  the  bolder  rise  of  the 
Chalk  from  beneath  the  London  basin  on  the  south,  and  its  slower  and 
more  gradual  elevation  on  the  north.  In  Kent,  however,  the  rise  is 
gradual.  In  the  Hampshire  basin  the  same  features  are  still  more 
marked,  since  the  Chalk,  with  the  superincimibent  Eocene  beds,  dips 
very  gently  southwards  from  Salisbury  and  Winchester  to  the  Isfe  of 
Wight,  where  they  are  suddenly  bent  up  into  a  position  of  absolute 
verticality,  as  is  also  the  case  in  Dorsetshire. 

The  Eocene  beds  of  England  rest  upon  the  upper  surface  of  the 
Chalk  in  apparent  conformability  ;  that  is,  there  is  no  apparent  di^r- 
ence  in  the  dip  or  strike  of  the  two  groups,  t  That  there  is,  however, 
an  xmconformability  between  them,  seems  probable. 

Owing  to  the  character  of  the  ground,  there  is  no  one  place  where 
a  good  continuous  section  of  the  whole  of  the  Eocene  beds  is  to  be  seen 

*  See  Map,  Sheets  11  and  12  of  the  Geological  Survey, 
t  See  Preetwich,  Quart,  Joum.  Geol  Soo.  TiU.  250. 
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in  the  London  basin,  and,  moreover,  they  are  not  all  present  in  that 
'basin.  In  the  Hampshire  basin,  however,  especially  on  the  southern  side 
of  it,  in  the  Isle  of  Wight,  where  the  beds  are  tilted  up  along  with  the 
Chalk,  and  exposed  in  the  sea  clifPs,  excellent  continuous  sections  are 
to  be  seen  ;  also  in  Alum  Bay,  at  the  western  extremity  of  the  island, 
and  at  Studland  Bay  in  Dorsetshire.  The  following  figure,  164,  is  a 
diagrammatic  section  of  the  beds  as  they  are  shown  along  the  western 
shore  of  the  Isle  of  Wight.* 

In  this  section  we  have,  within  the  space  of  half-a-mile,  the  whole 
of  the  British  Eocene  series,  with  the  exception  of  the  uppermost  mem- 


Foot  of  Ei^JDcwn 


SOUTH 


•Pig.l«4. 
Length  of  section  about  700  yards. 


m.  The  High  level  OniTel. 
I.    Bembridge  Beds. 
k.  Osborne  Beds. 
j.    Upper  Headon  Beds. 
i.    Middle  Ueadon  Beds. 
K  Lower  Headon  Beds. 
g.    Upper  Bagshot  Beds. 


/.  Barton  Clay. 

e.  Braokleshun  Beds. 

d.  Lower  Bagshot  Sands  and  Clays. 

&  The  London  Clay. 

h.  The  Woolwich  and  Reading  Beds  (plastic 

clay  and  sands),  t 
a.  The  Chalk,  having  many  layers  of  flint 


Note.— In  this  figure  the  wood-engraver  has  unfortunately  not  copied  the  original 
drawing  quite  accurately,  but  has  made  the  lines  of  the  group /end  against  the  base  of  the 
group  (T,  as  if  the  Upper  Bagshot  beds  rested  unconformably  on  the  Barton  clay.  The  lines 
of /should  have  been  drawn  parallel  to  its  boundaries  on  each  side. 

ber,  namely  the  Hempstead  beds,  which  are  found  in  a  hill  four  or  five 
miles  north-east  of  Headon  HilL  Including  these,  and  tabulating  the 
whole  series,  as  it  may  be  seen  in  both  the  London  and  Hampshire 
basins,  we  get  the  following  list  of  consecutive  groups,  t 


*  Reduced  from  the  one  drawn  by  Mr.  Bristow,  and  published  in  the  Jfemoirs  GeoL  Surv, 
(Tert.  Fluv.  Mar.  formation  of  I.  qf  Wight),  See  also  Sheet  47  Hor.  Sect.,  and  Sheet  26  Vert 
Beet.,  by  same  author. 

f  Formerly  called  Plastic  Clay,  on  account  of  the  beds  of  that  clay  found  in  this  sub- 
division. 

X  The  thicknesses  are  taken,  so  far  as  regards  the  Upper  snd  Middle  Eocenes,  ftom  the 
Survey  Memoir  by  Professor  Forbes  and  Mr.  Bristow,  entitled  Tertiary  Jluvio-marine  Forma- 
tUm  aflde  of  Wight;  those  of  the  Lower  Eocene  are  chiefly  from  Mr.  Prestwich's  papers  on 
different  parts  of  the  London  basin.  They  are  either  the  maximum  thickness  anywhere 
observed,  or  the  mean  of  the  maxima  at  difliBrent  places.  See  also  the  general  Memoir  on 
the  Oeology  of  the  Isle  of  Wight,  explanatory  of  Sheet  10  of  the  (Geological  Survey,  by  H. 
W.  Bristow. 

2  X 


674 


8TRATIGRAPHICAL  GEOLOGY. 


Upper 
IBooexM. 


CcL 


(  7.  Hempetead 
Series. 


\ 


6.  Bembridge 
Series. 


Middle 
or  Paris 
Booenes. 


5.  Osbome  Series. 

4.  Headon 
Series.* 


3.  Bagshot  Series.. 


Iiower 
Booenes. 


CorbulA  beds   . 

Upper  freshwater  and 

estuary  maris 

Middle    . 

Lower 

Upper  marls 

Lower  marls  .      >  90 

Oyster  bed 

Limestone 

St.  Helen's  Sands 

Nettlestone  Grits 

"  Upper  freshwater 

Middle  marine  . 

"  Lower  freshwater" 

Upper  Bagshot 

)  xMAAy     { Bartonday     800 
'  Middle  \  3^y^       ,  ! 


. »» 


170 


115 


70 


200 


JBagsbotj   .ij^Beds 
Lower  Bagshot  (in  Isle 
of  Wight) 


\ 


110  U270 


I  660  J 


2.  London  Clay.     In 

1.  Lower  London  j  b. 
Tertiaries.t    i 


London  Basin  .... 
Oldhaven  Beds,  i* 

Woolwich  SDd  Reading  Beds,  in  Lon* 
don  Basin  90  feet,  in  Isle  of  Wight 
Thanet  Beds  (in  London  Basin  only) 


1825 
480 

160 
90 


2555 


The  lK>w6r  Eocene  Oroupe. 

1.  Thanet  Beds.  —  Light-coloured  qnartzose  sand,  mixed  in  tbe 
lower  beds  with  much  argillaceous  matter,  but  never  passing  into 
actual  clay  ;  containing  occasionally  dark  green  grains,  like  those  men- 
tioned before  in  the  Greensands.  It  rests  almost  invariably  on  a 
stratum  of  chalk  flints,  from  which  the  chalk  seems  to  have  been 
washed  away  without  wearing  or  fracturing  the  flints,  and  these  are  of 
a  bright  olive  colour  externally,  by  which  they  may  be  recognised  in 
other  beds  (tertiary  or  drift)  to  which  they  may  have  been  sabee- 
quently  carried.  The  Thanet  sands  are  very  constant  in  character  from 
the  Isle  of  Thanet  throughout  the  London  basin,  but  thin  out  to  the 
westward,  tUl  a  little  west  of  London  they  are  only  four  feet  thick, 

*  The  total  thickness  of  the  fluvio-marine  strata  of  the  Isle  of  Wight,  reckoninf^  fhxn  tke 
base  of  the  Headon  series,  will  be  from  500  to  660  feet 

t  The  beds  which  Mr.  Prestwich  doubtfully  classed  as  '*  basement-bed  of  the  Loodoa 
Clay"  in  Rent,  have  been  treated  as  an  uppermost  diyision  of  this  gronp,  under  the  nans 
of  "  Oldhaven  Beds."— Whitaker,  Quart.  Joum.  OeoL  Soe.  voL  xxlL  p.  412.  The  diriskia 
for  which  this  name  has  been  proposed  consists  of  well-rounded  flint-shingle  (Blackheath, 
Bromley,  etc).,  fine  sand,  and  locally  a  bed  of  sandy-brown  ironstone  (near  Caaterbaxr), 
and  it  is  generally  ftom  SO  to  40  feet  thick. 
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ahortly  beyond  wliicli  the  beds  disappear  entirely.*  They  are  thickeat 
in  East  Kent,  where  they  are  also  more  clayey,  and  contain  fossils. 
They  may  be  seen  abundantly  in  the  sand-pits  and  railway  cuttings 
about  Woolwich,  on  the  west,  and  on  the  coast  near  the  Beculvers,  and 
in  Pegwell  Bay,  on  the  east 

2.  The  Woolwioli  and  Beading  Series  of  Prestwich. — ^More  variable 
in  character  than  the  Thanet  Sands,  and  also  more  widely  extended, 
becoming  thicker  from  east  to  west,  or  in  the  opposite  direction  to  the 
Thanet  sands,  and  then  again  thinner  farther  west  (in  the  London  Basin). 

On  the  east,  near  Heme  Bay,  we  have  in  it — 

Feet 
c,   ArgillaceoTu  greensand     .  .  .  .  .12 

5.  Dark  grey  alliaceous  sand,  with  nodules  of  iron  pyrites  7 

a.  Light  ash  green  and  yellow  sands  .  .  .        9 


At  Blackheath  it  consists  of — 

Pebble  beds  • 

Brownish  sand 

Estnarine  shells  in  laminated  clay 
Light  green  sandy  clays 
Light  green  sands  with  pebbles 


Near  Beading  the  beds  are — 

e.  Mottled,  red,  green,  and  bluish-grey  plastic  clay 

d.  Laminated  yellow  sands 

c.  Light  grey  and  greenish  sandy  clay 

b.   Fine  yellow  sand 

a.  Greensand  with  Ostrwa  Bellovacina 


28 

12 
2 
6 
7 
6 

83 


20 
2 
4 
8 
2 

86 


But  these  beds  are  more  than  50  feet  thick  in  other  parts  of  the  district, 
and  are  ever  varying  in  their  character,  t 

At  Newhaven,  in  Sussex,  an  outlier  of  the  Hampshire  district — 


t.   Grey  day  and  dark  yellow  sand 

h.  Round  flint  pebbles  in  grey  clay  and  yellow  sand 

g.  Laminated  grey  clay  with  seams  of  yellow  sand 

/.    Concreted  oyster  rock  (0.  Bellovacina)     . 

e.   Comminuted  shells  in  yellow  sand  and  grey  day 

d.  Yellow,  brown,  and  red  sand,  in  layers    . 

e.  Dark  grey  days  with  ironstone    . 
b.  White,  ochreous,  and  green  sand 
a.  Green  and  ferruginous-coated  flints  in  sand 


Feet 
12 

1 

8 

2 

6 

5 
20 
25 

2 

81 


*  Prestwich,  Quart,  Joum,  GeoL  Soo.  voL  viii.  p.  236. 

t  For  details,  see  Mr.  Prettwich's  paper.  Quart  Joum.  Geol.  Soe,  Tol.  x.  p.  76 ;  Whlt- 
aker,  lb.  toL  xxii.,  and  Geological  Surrey  Memoirs  on  Sheets  7, 12,  and  18. 
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Iq  Alum  Bay,  lale  of  Wight,  theBe  bsda  are  140  feet  thick,  connst- 
ing  of  bright-coloured  tenacioua  mottlod  clays,  the  prevailing  colou 
being  blood-red,  but  having  miztnreB  of  light  blaish  grej  and  jeUow, 
light  and  dark  alate  colour,  lavender,  puce,  yellow  and  brown,  almost 
five  from  any  admixture  of  laai. 

The  Druid  Sandstonee,  Orey  wetherB,  Sanenstonee,  and  Pudding- 
BtoneB,  Bcattered'in  loose  blocks  over  many  of  the  Chalk  downs  aroniid 
the  London  basin,  are  believed  by  Mr.  Pieetwich  *  to  be  consolidated 


#^^ 


FmsU  Oronp  Ho.  M.— Lcwer  Eocme  Fowili. 
a.  Nipudltci  nmboutni.  d.  Opbliin  Wttl 

e.  FenUcrlDOg  ■ub-builtU'Dnnli.  /  Hoploiuii  BoUlL 

g.  Zuthttpgla  tnbcreoUU. 

portions  of  the  sands  and  gravels  of  the  Woolwich  and  Beading  eerie«, 
but  it  is  probable  that  they  may  in  port  have  come  from  the  Bagsbot 
Sand.t 

3.  The  London  OU7. — In  the  London  baein  this  constats  of — 
6.  Dork  grey  and  brown  clay,  with  Isyen  of  septniia  or  cementrfltooo«,  vwy- 

ing  from  a  few  feet  or  1^  on  thB  west  to  180  feet  od  the  east,  Bbant 

Sheppey. 
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a,  BtUement-bed,  hromi,  green,  and  ferruginous  clmyej  unds,  and  occuionallj 

clajB  with  layera  of  flint-pebbles,  baring  a  maiimnm  thickneu  of  about 
12  fett,  and  reeling  on  the  slightly  eroded  siuface  of  llie  beds  below. 

la  the  Hunpabire  haeia  we  hare — 

b.  Dfkrk  blue  claTS  and  Bauds,  Eonlaining  nodnle*  of  argilkceons  ironitone 

witti  bands  of  gnj  clajrej  sanda  and  dark-greenisb  aanda,  aometiinee  com- 
pacted bto  hard  ttone  called  Bognar  rock,  having  a  total  thickness  varying 
from  193  to  S63  feet 
a.  Basemenlrbed  of  Baud  and  clay,  with  a  conglomerate  of  flint  pebbles  and 
partly-rounded  fragments  of  chalk  (oi  whitened  flint),  and  of  the  mottled 
-days  below,  4  to  5  feet. 


a.  TenbntallDa  III 

b.  Pinna  iSnli. 

a.  CjiruB  cnnelfon 


d.  Cryptadoii  ugnliCiun.  g.  NiDtllua  Impfrldii. 

(.  Vnlnta  WeUiertltlL  i.  CcelDponu  ColeL 

f.  Aporrtiais  SownbU.  i.  Lunns  elegani. 
].  Olodm  obUquni. 


Characterittic  FotiiU  of  the  Lotcer  Eocene*. 
Each  of  the  ^^npa  now  described  faaa  in  reality  a  chanicteristic 
astiemblage  of  fossils,  many  of  which  are  peculiar  to  the  group,  while 
uthere  are  more  abundant  in  it  thati  elsewhere.     The  groups  are  also 
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linked  together  by  foesils  which  range  firom  one  group  into  that  above, 
or  into  still  higher  beds.  In  the  first  edition  of  this  work,  lists  of  the 
characteristic  fossils  of  each  group  were  given,  and  also  those  which 
were  common  to  two  or  more  groups.  Time  and  space,  however,  alike 
forbid  the  revision  of  these  lists,  and  compel  me  to  substitute  for  them 
the  following  Hst  of  characteristic  fossils  of  the  Lower  Eocene  beds 
taken  together : — 


Plants,    ,    . 

Ftyramii^fera 
Actinotoa .     . 
BcMnodermata 

Annelida  .     . 
Criutacea  .     . 

Polyxoa    .     . 

Brachiopoda  • 

Ccnch^fera     • 


Oatteropoda  . 


Cephalopoda  . 
Fish    .     .     . 

RepHUi     .    . 


Hightia  elegans 
Leguminosites,  several  species 
Nipadites  mnbonatus 
Wetherellia  yariabilis 
Cristellaria  Wetherellii 
Dentalina  acuta 
Dasmia  Sowerbyi 
Paracyatbns  caryophyllus 
Astropecten  crispatus 
Goniaster  Stokesii     . 
Ophiura  Wetherellii 
Pentacrinus  sub-basaltiformis 
Vermicularia  BognorienslB 
Hoploparia  Bellii     . 
Zanthopsis  tubercolata 
Eschara  Brongniarti . 
Flustra  crassa. 
Lingola  tenuis . 
Terebiatulina  striatola 
Cryptodon  angolatum 
Cyprina  planata 
Cyrena  cuneiform  is  . 
Nucula  Bowerbankii 
Ostroia  Bellovacina   . 
Pholadomya  maigaritacea 
Pinna  aflSnis 
Syndosmya  splendens 
Teredo  autenautte     . 
Aporrhais  Sowerbii  . 
Cassidaria  Smithii    . 
Cerithium  funatum  . 
Cypnea  oriformis 
Melania  inqninata    . 
Tropbon  subnodosum 
Voluta  WetbereUu  . 
Belosepia  sepioidea  . 
Nautilus  imperiaUs  . 
Ccelopoma  Colei 
Lamna  elegans 
Otodus  obliquus 
Chelone  breviceps     . 
Crocodilus  champsoides 
Palffiophis  toliapicus 


Bow.  Foes.  Fr.* 
Ibid, 

F086.  gr.  40,  a. 

Bow.  Foes,  Fr. 

Q.  J.  G.  8.  viiL 

D'Orbigny. 

Br.  F0S8.  Cor. 

F088.  gr.  40,  6. 

M.  G.  S.,  Dec  1. 
Ibid. 

Fobs.  gr.  40,  dL 
Ibid,    40,  a 
Ibid.    40,  & 
Ibid,    40,/. 
Ibid,    40,  g. 

Due.  Foss.  Soaa. 

Sow.  M.  a  19. 
F06B.  gr.  41,  a. 

Ibid,    41,  dL 
Sow.  M.  C.  619. 
F08S.  gr.  41,  c 
GeoL  Tr.  voL  r. 
Sow.  M.  C.  888. 
Ibid.      297. 
Foss.  gr.  41,  b. 
Tab.  View. 
Sow.  M.  C.  102. 
Foss.  gr.  41,/. 
Sow.  M.  a  678. 
Ibid,       147. 
Ibid,  4. 

Ly.  Man.  fig.  263. 
Q.  J.  G.  8.  ViiL 
Foss.  gr.  41,  «. 
Ly.  Man.  fig.  255. 
Foss.  gr.  41,  g. 

Ibid.    41,  h. 

Ibid,    41,  t. 

IHd,    41,  J, 
Owen,  Foss.  Ren. 
Ibid, 
Ibid. 


*  Bowerbonk's  F<mU  FruU$  o/th4  London  Ctajf. 
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Birds  .     •     .     Halcyornis  toliapicns 

Litbomis  Volturensis 

Mammals  •     .    Coryphodon  EocenuB 

Didelphys  Colchesteri 
Hyracotherinm  leporinum 
Macacus  Eocffinns     . 
Pliolophna  vulpiceps 


Owen,  Fobs.  Mam. 

Ibid, 

Ibid. 

Ibid, 
GeoL  Tr.  vol.  vi. 
Oweii,  Fobs.  Man. 
Owen,  Paleontology. 


s 

< 

i 


The  Middle  Eocene  Oroups. 

4.  The  Bagshot  Series  takes  its  name  from  Bagshot  Heath,  but  is 
best  seen  (in  section)  in  the  Isle  of  Wight  It  consiBts  of  four  groups, 
namely : — 

4a.  The  Lower  Bagshot  Beds,  composed  of  alternations  of  sand  and  clay ;  the 
sands  generally  pale  yellow  or  grey,  but  sometimee  dark  and  ferroginons, 
at  others  fawn-coloured  or  rose  coloured ;  the  clays  are  white  pipe*day,  or 
grey,  or  chocolate-coloured  and  black  day.    Thickness,  660  feet 

^  4&.  The  Bracklesham  Beds,  so  called  from  Bracklesham,  on  the  coast  of 
Sussex,  dark  chocolate-coloured  maris  and  carbonaceous  clays  below, 
over  which  are  whitish  marly  day  and  white  and  greenish  sands  capped 
by  a  band  of  conglomerate  of  flint  pebbles.     Thickness  110  feet. 

4cC*  The  Barton  Beds,  greenish-grey  sandy  clay  bdow,  passing  up  into 
bluish-green  and  brown  clay,  interstratified  occasionally  with  beds  of 
sand  and  loam.  Thickness  300  feet  This  was  formerly  supposed 
to  be  the  London  clay. 

Ad.  Upper  Bagshot  Beds,  yellow  and  white  sands  with  ferruginous  stains. 
Occasionally  120  feet* 

6.  The  Headon  Series. — ^All  the  Eocene  beds  described  in  the  pre- 
ceding pages,  except  part  of  the  Woolwich  and  Reading  series,  are  of 
marine  origin.  With  the  commencement  of  the  Headon  series,  how- 
ever, we  meet  with  indications  of  fresh  water  having  prevailed  over  what 
is  now  the  Hampshire  area,  as  well  as  at  the  corresponding  period  of  the 
Paris  tertiaries.  In  the  London  area  no  beds  higher  than  the  Bagshots 
are  known. 

5a.  The  Lower  Headon  Beds  consist  of  81  feet  of  clays  and  marls  in  White- 
cliff  Bay,  while  at  Headon  Hill  and  Colwell  Bay  they  contain  thick  lime- 
stones, and  are  from  60  to  80  feet  thick,  and  they  are  still  more  varied  at 
Hordwell  on  the  opposite  coast  of  Hampshire.  They  are  the  **  Lower 
Freshwater  formation"  of  Webster. 

55.  The  Middle  Headon  Beds  consist  principally  of  sands,  showing  at  Headon 
Hill  brackish  water  fossils,  but  containing  beds  of  oysters  ;  while  at  Col- 
well Bay  and  Hordwell,  and  still  more  strongly  at  Whitecliff  Bay,  the  beds 
hare  a  purely  marine  charact^.  Webster  called  them  the  **  Upper  Marine 
formation."  At  Colwell  Bay  they  are  only  28  feet  thick,  but  at  Whitecliff 
Bay  they  swell  out  to  100  feet 

he.  The  Upper  Headon  Beds  contain  the  strongest  limestones  of  Headon  Hill, 

•  Mr.  Bristow's  Section  in  Mtm,  GeoL  Survm,  18M;  Forbes's  lOe  of  Wight,  in  same 
Memoirs.    See  also  Frestwich,  QnarL  Jowm,  Q«oL  8oc,  yoL  IL  p.  S58,  and  yoL  ziiL  p.  09. 
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«hn«  thtj  ire  85  feet  tUcb,  thinning  out  n^ridlj  towaris  th*  nortk 
They  uv  repni«nt«d  by  &  Tew  Tory  thin  uid  incoiupicuoiu  nndy  oonen- 
tionu7  buids,  with  ■  total  thiclcnen  of  only  14  fnt  in  Whitediff  Bay. 
The  appermost  beds  oF  the  group  are  mu-U.  WebaUr  gave  the  name  cl 
"Upper  Freshwater  formatian"  to  thi«  gronp. 
S.  Oaboma  Barfea, — ^Thia  Beriee  vuieB  from  50  feet  in  Headon  HiU 

to  60  feet  at  WhitecUff  Bay.     It  ia  divisible  into  two  groups. 

6a.  The  Nettlestone  Oiits  coiuiit  of  hard  rag  and  ihelly  saudatoQe  beloii, 
capped  by  mail  and  bright  yellow  llmeatone.  Tbe  whole  abont  K)  feet  in 
thickneu  in  some  pluses,  bat  in  otliera  thinning  oat  and  disappesiing,  at 
becoming  a  mere  loose  und. 

6&  The  St.  Helen's  Sands,  or  uppermoat  part  of  the  Oabome  leriM,  ccnoM 
of  an  altmstion  of  white,  and  green,  and  yellow  wndi,  with  bine,  whil^ 
and  yellowish  claya  and  marla,  having  a  total  thlcknca  of  aboDt  60  feet 


FohU  Group  No.  4a._Mldd]s  Eocma  Foaalli, 
a.  Uthaiea  Wabeteri.  d.  ChamaaqouD 

t.  NuminulltH  lievlgitu.         •.  Corbnla  plstui 
s,  Ottnu  flibeUula.  /   Crsuatalla  inleita.         1.  Hniti^par. 

Charaeterittie  FouiU  i^theMiddU  Boeen*  Qrovpt. 
Some  of  the  beds  just  deacribed  contain  in  man;  places  an  enormoM 
abandonee  of  foaaile,  often  in  tbe  highest  stata  of  preserratioa.     &A 
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gionp  and  each  enb-group  has  fosaila  peculiar  to  itself,  aa  well  as  othen 
common  to  it  and  to  one  or  more  other  groops.  The  Barton  ClajB  on 
the  coast  of  Dorsetshire  and  Hamfishire,  and  the  Biacklesham  bed«  of 
the  SiMsex  coast,  are  literally  crowded  with  beautiful  sheila,  of  which 
a  magnificent  series  may  now  be  seen  in  the  cases  of  the  Museum  of 


0.  Plenrotflim 
b.  BoaUUuli 

d.  Tniutu  KsbrlcnlL 


Pmctical  Geology  in  Jermyn  Street  The  following  list  contains  a  very 
nteagre  and  imperfect  selection  from  the  completer  lists  of  Middle  Eocene 
foesOa ;  the  numbers  prefixed  referring  to  the  gronpe  of  strata  in 
which  the  species  are  foond. 


Pto-a.  .  . 

6.   CluTaLTellil 

Qeol.  Tr.,  voL  iL 

Brongnlart 

pipe-cUy. 

Fow.  gr.  43,  b. 

Dii.  Fq».  Sns*. 

ib.  Rotalma  obwan     .... 

Jhid. 

Ibid, 
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Actifumoa .    . 


Echinodermata 
Brachiopoda  . 
CcncKifera     • 


41b,  Lithnrea  Webeteri  . 
4c.  Turbinolia  fiowerbankii   . 
4c.  Eapatagus  Hastingsise 
4c.  Terebratula  bisinuata 
4  h  and  c  Area  Branderi 
45.  Cardita  (Venericardia)  planicoeta 
4c  Chama  squamosa   . 
4  h  and  c.  Oorbula  pisum     . 
4c.  Ciassatella  sulcata 
4  h  and  c  Ostrsea  flabeUnla 
5.    Potamomya  gregaria 
Oasieropoda  •     4  b  and  c  Ancillaria  bncdnoides 

4  b  and  &  Cancellaria  evulsa 
4c.  Conns  donnitor 
4  b  and  c  Dentalinm  striatum 
4  b  and  e.  Fusus  longsevus    . 
5,  6,  and  7.  Limniea  longiscata 

5.  Melanopsis  snbfosiformis. 
4c.  Bfitra  scabra 
4  b  and  c  Murez  asper 

4  b  and  c.  Natica  ambulacrum 
4c.  Oliva  Branderi 

5  and  6.  Planorbis  euomphalus 
f  Pleurotoma  colon 

6.  Potamides  (Cerithium)  concayua 
4c  Bostellaria  rimosa  . 
4c  Strombus  Bartonensis     . 
4c.  Trocbus  monilifer  . 
4c  Typhis  pungens 
4  b  and  c  Yolnta  luctatriz    . 

^—  scabricula 


C^l^uxlopoda  . 
Fish    .     .     . 

EepiUet    .     . 


MammdUa 


4ib,  Beloptera  belemnitoidea 
46.  Edaphodon  Bucklandi 
46.  Myliobatis  Edwardsii 
4c.  Alligator  Hantoniensis 
4c.  Crooodilus  Hastingsiffi 
4d.  Gavialis  Dixoni 
4d.  Palseophis  Typhceus 
5.    Dicbodon  cuspidatus 
46.  Lophiodon  minimus 

5.  Microchosrus  erinaoeus 

6.  Paloplotherium  annectens 


Fo88.  gr.  42,  a. 
Br.  Foss.  Cor. 
Tert  Ech./  26. 
Day.  Brach. 
Tab.  View. 

Ibid, 
Foss.  gr.  42,  d. 

Ibid.     42,  «. 

Ibid.     42,  /. 

Ibid.     42,  c 
Sow.  M.  a,  363. 
Foss.  gr.  43,  i. 

Ibid,     43,^. 


76ui 
IHd, 
Ibid, 
Ibid. 


42,  y. 

43,  J. 
42,  A. 

44,  i. 


Sow.  M.  C,  40L 
Foss.  gr.  42,  i. 
Ibid,     43,/. 
Ibid,     48^  A. 
Tab.  View. 
Foss.  gr.  43,  a. 
Sow.  M.C.,  389. 
Foss.  gr.  43,  6. 
lUd,     43,  c 
Sow.  M.  C,  867. 
Tab.  View. 
Foss.  gr.  43,  e. 
Ibid.     43,  d. 
Dix.  Foss.  Suss. 
Agassiz. 

Dix.  Foss.  Snss. 
Owen,  Foss.  Bep. 
Ibid. 
Ibid. 
Ibid, 
Q.  J.  G.  S.,  br, 
Owen,  Foss.  Mam. 
Q.  J.  G.  S.,  Yd.  n. 
Ibid.      roLii. 


The  XTpper  Booene  Oroups. 

The  fluvio-inarine  conditionB  are  still  continaed  in  the  Me  of  Wight 
district,  without  any  very  marked  line  of  distinction,  between  the  top 
of  the  Middle  and  tiie  base  of  the  Upper  Eocene  groups. 

7.  The  Bembridge  Series  contains  the  following  sabdiTisioos, 
beginning  with  the  lowest : — 

7a.  The  Bembridge  Limestone.     A  pale  yellow  or  cream-coloured  limestone. 


*  Forbes's  Tertiary  EcJUnodemuOa,  PaL  Soo. 
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InMntr*tiS«d  with  cIa;  or  cnimbliiig  marl — tho  limestone  fnll  of 
OTJtid,  uid  often  quite  tufaceoiu  and  concretiooai?,  aometimes  a  true 
tnvertine,  and  Bometiniee  coni;lomeratic  ;  cootdiu  silicsoiu  or  clieity 
buda  in  some  pUcex.    Thickness,  20  to  25  feet. 

76.  ^le  Of  Bter  bed.  A  few  feet  of  greeaUh  aanda  containing  outers  (Oalnm 
Vateniu)  in  graat  abundance,  capped  by  a  band  of  hard  aeptarlaD 
atone,  vbich  is  couataut  over  a  loi^  uea.     About  10  feet  altogelbsr. 

7e.  UnfoBuliferoOH  mottled  claya,  alternating  with  foBiiliferaut  laminated 
clays  ftnd  marla  containing  Cyrena  puUhra. 

7d.  Uaria  and  laminated  grey  days,  containing  Xelania  turritiaima. 
Capped  by  Uie  "Black  Band,"  fonning  the  base  of  the  Hempst«id 


m 


^ 


4 


upper  Boeena  PouU*. 

a.  CItan  medlcaglanla.            d.  PiIndiBS  oiblcoluii.  g.  Brdnbla 

b.  Cyreoa  pulcbra.                    l.  Bnllmiu  tUlptiaiu.  k.  CsrltMom  elegui*. 

c.  AcbaUni  conellata.              /  Helix  S'Qrtanl.  i.  Unmiea  longlacata. 

S.  Tlia  EompatBad  B«rle«.* — The  three  lover  diviaious  of  fresh. 
water  and  estuary  origin. 

•  Blr  Chaile*  Lrell  aaparates  tbli  aerlas  (torn  tha  loeane,  and  eUlMi  it  aa  Lower 
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8a.  Black  Band  and  marls.     The  lowest  bed  of  this  groap  is  a  firm 

bonaceous  laminated  clay,  highly  fossiliferous,  about  2  feet  thick, 
known  as  the  "  Black  Band,**  over  which  are  pale  bluish  and  yeDov 
shaly  marls,  with  ironstone  concretions.  The  whole  about  40  feet 
.thick. 

86.  White  Band,  marls  and  clays.  The  base  of  this  group,  called  the 
*'  White  Band,*'  is  a  bed  of  mingled  broken  and  entire  shells,  more  or 
less  consolidated,  often  very  ferruginous,  from  6  inches  to  two  feet 
thick,  OTer  which  are  mottled,  yellow,  and  pale  green  maris,  capped  by 
ahaly  clays  and  dark  marls,  and  blue  green  ferruginous  days,  with  iron* 
stone  concretions.    Total  thickness  alwut  60  feet 

Sc,  Variegated  red  and  green  marls  and  grey  clays,  covered  by  greeoidk 
clay,  passing  up  into  pale  and  dark  grey  or  lead-coloured  days.  Tliick- 
ness  about  40  feet. 

6d.  days  with  septaria,  and  grey  and  bluish  days  with  concretioDs  containiug 
abundance  of  OoHmla  j  marine.    About  25  feet  thick. 


CharacUrutie  Fossils  qf  the  Upper  Eocene  Beds. 


Plants,    . 
Conchifera 

Oasteropoda 


Beptiles    . 
Mammalia 


7  and  8.  Chara  medicaginula 
Flabellaria  Lamanonis    . 
8d.  Corbula  Vectensis    . 
7e.    Cyrena  pulchra 
7b,  Ostnea  Vectensis 
7.  Achatina  costellata     . 

7.  Bulimns  ellipticus 

8.  Cerithium  elegans 

7.  Helix  D'Urbani 

8.  Hydrobia  Chastellii  . 
7a.  Melania  turritissima . 
7.  Palndina  orbicularis   . 

7.  Planorbis  discus 

8.  Volute  Rathieri 

8.  Trionyx  incrassatus    . 
7.  Anoplotherium  commune 
7.  Choeropotamus  Ouvieri 
7.  Dichobune  cervinum  .  • 
Hyopotemus  bovinus 
Vectensis 


8. 
7. 
7. 
8. 


Palsotherium  crassnm 
magnum 


Foes.  gr.  44,  a. 

Brongniart. 

Forb^  Lof  W.,pL  1.^ 

Foss.  gr.  44,  b. 

Forbes,  I.  of  W.,  jd.  S. 

Foss.  gr.  44,  c 

Ibid.     44,  e. 

Ibid.     44,  A. 

Ibid,      a,  J 

Ibid.     44,  g. 
Ly.  Man.,  fig.  211. 
Foss.  gr.  44,  d. 
Ly.  Man.,  fig.  216. 
Ed.  Eoc  MoLt 
Owen,  Foss.  Rep. 
Ly.  Man.,  fig.  219. 
GeoL  Trans.,  voL  vi. 
Ibid,         voL  vi. 
Q.  J.  G.  S.,  voL  iv. 

Ibid. 
Geol.  Trans.,  voL  vi. 
Ly.  Man.,  fig.  220. 


Foreign  Localitiea 

France  and  Bdgxvm. — ^The  labours  of  Mr.  Prestwich,  continued  so  long  and 
assiduously,  have  gradually  made  plain  to  us  the  corrdation  of  the  English  and 
French  Eocene  bedB,  and,  joined  with  those  of  Sir  C.  Lyell  and  M.  Duroont,  have 
aho  tettght  us  the  relation  of  these  with  those  of  Belgium.  The  following  Table 
exhibits  these  relations  as  they  Kn  now  believed  to  be,  taking  Mr.  Prestwkb't 


•  Forbes's  "  Isle  of  Wight,"  in  MmoiTt  c/the  GMtogical  Smrvs^. 
t  Edwards's  "  Eocene  MoUosca,**— Pkii.  Soc 
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classification  for  all  below  the  Upper  Bagshot  Sands,  and  Professor  Edward 
Forbes's  for  those  and  all  above  them  : — 


EVOLAND. 


11.  Hempstead    . 

10.  Bembridge     . 

9.  Osborne  ) 

8.  Headon  {       * 

7.  Upper  Bagshot 

6.  Barton  Clay  . 

5.  Bracklesham. 

i.  Lower  Bagshot 
Beds  . 

8.  London  Clay . 

2,  Woolwich  and 
Beading  Beds 

1.  Thanet  Sands 


Belgium. 


Rupelien 


Tongrien 

Laeckenien,  part  of  ? 

Syst^me  Laeckenien 

sup^rieur  ? 
Syst^me  Laeckenien 

inferieor  ? . 

Syst^me  Bruxellien 

Syst^me  Ypresien 

superieur  . 
Syst^me  Ypresien 

inf(6rieur    . 

Systeme  Landenien 
superieur. 


Systeme  Landenien 
inferieur    . 


Fbakcb. 


Calcaire  de  la  Beauoe. 

Or^  de  Fontainebleau. 

Sables  et  bancs  de  coquilles, 
mames  marines, 
r  Calcaire  siliceux,  calcaire  la- 
\      custre  moyenne,  Oypseous 
I     series  of  Montmartre,  etc. 

I  Calcaire  marin  et  Or^  de 
Beauchamp. 

Sables  moyennes,  upper  zone. 

Sables  moyennes,  lower  zone. 

Calcaire  grossier,*  and  Qlau- 
\      conie  grossi^re. 

\  Lits  coquilli^res,  and  Glauco- 
\      nie  moyenne. 

j  Wanting.t 

Or^s  de  Poudingues,  Lignites 
et  Argile  Plastique,  Glau- 
conie  inf^rieur. 

Wanting. 


According  to  Mr.  Prestwich,  the  London  Tertiaries  were  deposited  in  a  sea 
open  to  the  north,  spreading  at  least  over  south-east  England,  Belgium,  and  north 
of  France,  whilst  to  the  south  of  that  area  dry  land  prevailed  over  the  great  part 
of  the  Paris  Tertiary  district  and  still  farther  south.     Gradual  depression  then 

*  Mr.  Prestwlch  gives  {Qw^.  Joum.  GtoL  Soc,  voL  xUi  p.  90)  the  following  detailed 

description  of  the  calcaire  grossier : — 

Feet 

4.  Compact  white  marls,  passing  down  into  alternations  of  greenish  marls  and 

thin  yellow  limestones,  with  seams  of  chert       .....       SO 

8.  Thin  bedded  fissile  calcareous  flags  and  sandstones,  alternating  with  white 

marls  and  limestones  ........       15 

8.  Thick  main  mass  of  soft,  light-yellow  calcareous  flneestone  (the  building  stone 
of  Paris  got  by  mining  or  subterranean  quarrying)  passing  sometimes  into 
calcareous  sands      .........       40 

I.  Variable,  more  or  less  calcareous,  green  sands,  sometimes  concreted,  flint 

pebbles  often  at  base  ........       25 

100 

t  Some  part  of  it,  however,  formerly  extended  into  Normandy,  as  some  day  at  the  top  of 
the  cliff  of  Ailly,  near  Dieppe,  is  believed  to  be  London  Clay.  (Prestwich,  Quart  Joum.  GtoL. 
Soe.,  voL  zi.  p.  230.) 
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took  place,  extending  the  limits  of  the  sea  over  the  Paris  area,  leading  to  the  in- 
troduction of  Nnmmnlites  and  more  southern  forms  of  marine  life  than  had 
hitherto  prevailed.  Dry  land  was  still  in  the  immediate  neighbourhood,  as  shovn 
by  the  occasional  presence  of  terrestrial  forms,  and  alternations  of  elevation  and 
depression  doubtless  took  place,  modifying  here  and  there  the  physical  geography 
of  the  district.  The  Barton  Clay,  for  instance,  seems  to  have  be^  deposited  in  a 
sea  of  a  more  northern  character  than  that  in  which  the  Bracklesham  cUys  and 
sand  were  formed.  Fresh-water  conditions  finally  became  preralent^  large 
estuaries  opened  into  the  sea.s  over  the  British  and  north  of  France  areas,  while 
large  lakes  existed  in  the  centre  and  south  of  France,  where,  soon  after,  vohanic 
eruptions  commenced  to  break  forth,  and  continued  for  many  thousand  years  in 
subsequent  periods.  Edward  Forbes  pointed  out  that  the  upper  part  of  the  Bern- 
bridge  series  was  probably  of  the  same  age  as  the  Molasse  of  Fronsadais  and 
associated  beds,  and  also  as  the  Oalcaire  k  Ast^es  of  the  south-west  of  France ; 
part  of  the  Tertiary  beds  of  Malta,  Corsica,  Greece,  Crete,  Cerigo,  south  of  Sp«n 
and  Portugal,  Azores,  and  North  A&ica,  were  also  considered  to  be  coa- 
temporaneous  with  the  Hempstead  series.  Contemporaneous  with  the  Hempstead 
also  were  the  Molasse  ossif^re  and  the  Faluns  jaunes  of  Bax,  the  lower  division 
of  the  Vienna  Tertiaries  and  the  marine  beds,  the  Cerithium  Kalk  and  Upper 
Brown  Coal  of  Mayence.* 

Sir  C.  Lyell,  however,  thinks  that  it  would  be  more  convenient  to  retain  a 
nomenclature  common  on  the  Continent,  and  to  class  the  Hempstead  series  and 
its  contemporaneous  beds  as  Lower  Miocene,  making  the  beds  from  the  Bartcn 
Clay  to  the  Bembridge  series  inclusive  Upper  Eocene,  and  taking  the  Brackledkam 
and  Lower  Bagshot  beds  only  as  Middle  Eocencf  Certainly,  as  far  as  KngiaaH 
(Isle  of  Wight)  is  concerned,  the  Hempstead  beds  are  linked  to  those  below  fay 
almost  as  great  a  number  of  species  as  they  have  peculiar  to  themselves. 

The  Alpt,  the  Borden  of  the  Afediterraneati,  £gypt,  India, — ^Through  these 
countries  from  the  Alps  to  the  Himalayas,  occurring  at  intervals  through  25^  of 
lat.  and  near  100*^  of  long.,  are  found  great  masses  of  rock,  sometimes  even 
thousands  of  feet  in  thickness,  crowded  with  nummulites,  and  often  almost  made 
up  of  them.  These  are  of  Middle  Eocene  age.  The  summits  of  some  of  t^ 
Alps,  such  as  the  Dent  dn  Midi  and  Diableretz,  are  formed  of  these  beds.  Asso- 
ciated with  these  are  still  higher  beds  called  Flysch  and  Madgno  in  Switxeiiaod 
and  North  Italy,  and  the  black  slates  or  shales  of  Glarus,  and  other  beds  in 
Switzerland,  containing  quantities  of  fossil  fish,  etc.  The  Monte  Bolca  fish-beds 
are  also  of  about  this  age.  %  The  Eocene  beds  of  the  Alps  are  not  only  of  as 
great  a  thickness,  but  are  as  violently  disturbed  and  contorted,  and  as  frequently 
inverted,  as  are  the  older  Pal»ozoic  rocks  in  the  mountains  of  Britain. 

M.  Alcide  D*Orbigny  uses  the  name  of  Suessonien  (from  the  town  of  Soissons) 
to  include  the  Lower  Eocene  beds,  fh>m  which,  however,  he  excludes  the  London 
Clay,  but  includes  the  Nummulitic  formation.  He  also  g^ves  the  designation  of 
Parisien  to  the  London  Clay  of  England  and  the  Paris  tertiaries,  from  the 
Glauconie  grossi^re  to  the  gypsum  beds  of  Montmartre — a  classification  which  Mr. 
Prestwich  has  shown  to  be  a  mistake.  D'Orbigny  then  takes  the  6r^  de 
Fontainebleau  as  the  base  of  his  twenty-sixth  stage,  which  he  calls  Falunlen,  sub- 
dividing it  into  two — Lower  Falunien  or  Tongrien,  to  which  he  asigns  the  Gr^ 
de  Fontainebleau,  and  Upper  or  Falunien  proper,  which  he  identifies  at  the 
same  time  with  the  Miocene  of  Lyell,  and  the  Crag,  which  is  believed  to  he 
Pliocefae. 

North  America, — Sir  C.  Lyell  places  the  Claibome  and  Alabama  beds  amcsg 
the  productions  of  the  Middle  Eocene  period. 


♦  Mmoin  qfOeoL  Survey,  1856,  p.  100.  t  Manmal,  p.  »T. 

t  Murchison,  GeoL  Jount,,  voL  v.  p.  167,  etc. 
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The  proportion  of  living  to  extinct  species  in  the  deposits  of  this  period 
is  taken  at  about  25  per  cent,  without  strictly  adhering  to  that  proportion. 
If  we  include  the  Hempstead  series  in  the  deposits  of  the  Eocene  period, 
as  was  done  in  the  previous  chapter,  we  have  no  stratified  rocks  in  the 
British  Islands  representative  of  the  formations  of  the  Miocene  period 
except  the  lignite  of  fiovey  Tracey  and  the  leaf-beds  of  Mull  and  Antrim. 

At  Bovey  Tracey,  in  Devonshire,  a  small  patch  of  fluviatile  or 
lacustrine  strata,  containing  beds  of  lignite,  has  long  been  known.  These 
have  recently  been  investigated,  and  are  now  known  to  be  about  300 
feet  in  depth,  consisting  of  alternations  of  clay,  sand,  and  lignite. 
Numerous  well-preserved  fossil  plants,  amounting  in  all  to  about  fifty 
species,  have  been  obtained  from  these  beds.  They  indicate  a  warm 
climate,  and  are  analogous  to  the  older  Miocene  v^etation  of  Switzer- 
land. Among  them  may  be  mentioned  ferns  and  fragments  of  species 
of  Sequoia,  palm,  vine,  oak,  laurel,  fig,  etc"^ 

At  Ardtun,  in  the  Island  of  Mull,  several  layers  of  tuff  and  day 
occur,  interstratified  among  the  basalt  beds  of  that  locality.  They  were 
first  brought  to  notice  by  the  Duke  of  Argyll,  as  containing  the  remains 
of  dicotyledonous  plants,  t  The  headland  of  Ardtun  exhibits  the  fol- 
lowing section  of  these  deposits  ; — 

Feet 
8.  Uppermost  basalt " 40 


7.  First  **  leaf-bed  " 
6.  First  tuff 
5.  Second  "  leaf-bed  " 
4.  Second  tuff   . 

8.  Third  "leaf-bed"  . 
2.  Amorphous  basalt . 
1.  Columnar  basalt  ^to  low-tide  level) 


2 

20 

2i 

7 

u 

48 
10 

131 


These  tuffs  are  described  as  resembling  those  of  Mont  Dor,  Yesu- 
vius,  and  Madeira  ;  the  leaf-beds  as  baked  clay,  or  veiy  fine  mud,  con- 

*  See  Mr.  Pengelly's  Lignite  Formation  of  Bovey  Tracey,  London,  1803 ;  also  a  paper  by 
him  and  Professor  Heer  in  the  PML  Trans,  for  1863. 
t  See  Quart  Jown.  GeoL  Soc  toL  Yil. 
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taining  impresBiom  of  leaves,  and  aometimea  conBiatiiig  of  a  mere  nun 
of  compressed  leaves  still  retaining  the  "  damp  obscure  colours  of  vege- 
table decay."  Equiseta  stems  occur  as  well  as  the  leaves,  and  the  whole 
deposits  are  conjectured  to  have  been  fonned  in  a  shallow  lake  or  niai^ 
over  which  the  igneoua  rocks  have  been  ejected.  A  conglomerate  of 
hnmt  red  and  yellow  Chalk  flints  is  mentioned  as  associated  in  one 
place  with  the  first  tuS  (No.  6}. 

The  leaves  were  examined  by  Professor  Edward  Forbes,  who  mjb 


m  ialuid  or  UulL 


of  them : — "  The  general  assemblage  of  leaves  is  decidedly  Tertiaiy, 
and  most  probably  of  that  stage  of  Tertiary  termed  Uiocene.  Their 
climatal  aspect  is  more  mid-European  than  that  of  our  Eocene  flats. 
There  is  a  striking  resemblance  between  some  of  them  and  fossils  fiosa 
Styria  and  Croatia."  *  Professor  Ecer,  who  has  studied  the  Swies  Mio. 
cene  flora  with  great  core,  confirms  this  decision,  and  rect^nises  among 
the  Hebridean  forms  Sequoia  Lanfftdorfii  and  Coiylut  grotK'daUata, 
plants  found  in  the  Miocene  deposits  of  Switzerland. 
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It  was  supposed  hy  the  Duke  of  Argyll  that  the  leaf-beds  and  their 
associated  basalts  were  a  mere  local  exhibition  of  Miocene  rocks. 
Mr.  Geikie  has  more  recently,  however,  shown  that  these  leaf-beds  in 
reality  lie  at  the  base,  or  nearly  at  the  base,  of  the  whole  of  the  vol- 
canic rocks  of  Mull,  and  that  these  rocks,  more  than  3000  feet  thick, 
as  well  as  the  other  volcanic  plateaux  of  the  Inner  Hebrides,  are  not 
of  Oolitic  age,  as  had  been  previously  supposed,  but  all  date  from  the 
Miocene  period.  In  Mull,  and  in  Skye,  beds  of  coal  occur  interstratified 
among  the  sheets  of  basalt  These  too  are  Miocene,  and  are  sometimes 
black,  glossy,  and  cubical,  quite  undistinguishable  to  the  eye  from 
ordinary  carboniferous  coaL* 

The  general  resemblance  between  the  basaltic  plateaux  of  the 
Inner  Hebrides  and  of  the  north-east  of  Ireland  has  long  been  known. 
Over  the  Chalk  in  Antrim  there  is  a  thickness  of  nearly  500  feet  of 
beds  of  basalt,  with  occasional  bands  of  tuff  and  clay.  In  one  of  these 
interstratified  deposits,  at  Ball3rpalady,  near  Antrim,  a  leaf-bed  has 
recently  been  found  containing  leaves  of  dicotyledonous  trees,  believed 
to  be  of  Miocene  age,  and  occurring  under  very  similar  conditions  to 
those  of  the  Island  of  MulLt 

These  are  the  only  rocks  in  the  British  Islands  that  can  be  even 
conjectured  to  belong  to  the  Miocene  period,  imless  we  adopt  the  Con- 
tinental classification,  and  consider  the  gypseous  series  of  Montmartre 
the  uppermost  of  the  Eocene  beds,  in  which  case  we  must  also  take 
the  equivalent  Bembridge  series  of  the  Isle  of  Wight  as  the  uppermost 
of  the  Eocene,  and  include  the  Hempstead  beds  and  their  equivalents  , 
among  the  Miocene  deposits.  There  is,  it  appears,  a  palaeontological 
reason  for  this  arrangement  on  the  Continent,  inasmuch  as,  if  we  draw 
the  line  at  the  top  of  the  Montmartre  beds,  and  at  the  base  of  the 
Calcaire  lacustre  sup^rieur  (or  Calcaire  de  la  Beauce),  certain  generic 
and  even  specific  forms  of  Mammalia  are  kept  wholly  within  the  Mio- 
cene groups,  which  otherwise  would  be  made  common  to  the  Eocene 
and  Miocene  periods.  The  genera  Dorcatherium^  Cainotheriwm,  Anchi- 
therium,  and  Titanomt/s,  and  the  species  Rhinoceros  incisivus,  and  others, 
are  examples. 

Volcanic  Rocks  op  Miocene  Age  in  Britain. 

By  fer  the  most  extensive  and  interesting  series  of  rocks  of  this  period 
in  Britain  are  of  volcanic  origin.  From  the  south  of  Antrim  northwards, 
through  the  chain  of  the  Inner  Hebrides  to  the  Faroe  Islands,  and  even 
to  Iceland,  there  stretches  a  long  broken  series  of  basaltic  plateaux, 
which,  from  the  character  of  the  plant-remains  found  in  them,  and  from 
their  position  above  the  Chalk,  are  referred  to  the  Miocene  period.lt 

•  See  GeUde,  Proe.  Roy.  Soe.  Edin,,  toL  1866-7.       t  Jowm.  OtoL  Soc  08<^)i  vol.  xxv.  p.  867. 
t  The  following  notice  of  these  rocks  is  by  Hr.  Geikie. 

2  T 
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^  The  two  great  classes  of  recent  layas — the  basaltic  and  the  felqttthic 
— are  well  represented  among  the  Western  Islands.  The  basaltic  series 
is  on  the  whole  the  older,  since  it  is  fonnd  to  pass  under  massiTe  sheets 
of  pale  grey  and  bine  clay-stones,  clinkstones,  and  porphyries  belonging 
to  the  felspathic  group.  In  addition  to  these  lava-form  rocks,  masses  of 
coarse  volcanic  agglomerate  occur,  along  with  beds  of  tuff  and  peperina 

^^  The  leaf-beds  of  Ardtun,  which  are  known  by  their  fossil  contents 
to  be  of  Miocene  age,  lie  near  the  bottom  of  the  whole  volcanic  series 
of  the  Hebrides,  and  above  them  comes  a  succession  of  sheets  of 
basalt,  etc.,  between  3000  and  4000  feet  in  thickness.  Throughout 
this  enormous  mass  of  bedded  igneous  rock,  layers  of  tuff,  often 
abounding  in  chalk-flints,  are  interstratified,  and  in  one  part  of  llie 
cliffs  of  Inimore  of  Carsaig  a  bed  of  flints  twenty-five  feet  thick  lies 
between  the  dolerites.  Thin  lenticular  seams  or  nests  of  coal  likewise 
occur,  but  these  only  occupy  small  pond-like  hollows  of  the  original 
surface  of  the  basalts  or  dolerites,  and  are  overlaid  directly  with  similar 
rock.  They  are  sometimes  excellent  in  quality,  and  occasionally  thr^ 
feet  in  thickness  ;  but  they  rapidly  die  out  in  every  direction.  There 
is  thus  no  probability  that  the  tertiary  coal  of  the  Western  Islands 
will  ever  come  to  be  of  commercial  importance. 

'^  Proofs  of  the  long  continuance  of  volcanic  action  among  these 
islands  are  afforded  by  the  great  thickness  of  the  successive  sheets  c^ 
igneous  matter,  which  in  one  mountain  alone — ^Ben  More  in  Mull — 
reach  a  depth  of  3185  feet,  without  revealing  either  the  actual  bottom 
or  top  of  the  series.  Another  and  striking  piece  of  evidence  on  this 
subject  is  given  by  the  well-known  Scdr  of  Eigg.  That  island  consists 
of  nearly  horizontal  sheets  of  basaltic  rocks,  like  those  of  Mull,  resdng 
unconformably  upon  Oolitic  rocks.  After  their  eruption,  they  most 
have  been  long  exposed  to  the  wasting  agencies  of  the  atmosphere.  A 
valley  was  cut  out  of  them,  and  its  bottom  was  watered  by  a  river,  wiiich 
brought  down  coarse  shingle  and  sand  from  the  distant  Cambrian 
mountains  of  the  north-west  These  changes  must  have  demanded  a 
lengthened  lapse  of  time,  yet  they  took  place  during  an  interval  in  the 
volcanic  history  of  the  island.  The  igneous  forces  which  had  been 
long  dormant  broke  out  anew,  and  poured  several  successive  coulSes  of 
vitreous  lava  (pitchstone)  down  the  river-bed.  In  this  way  the  channel 
of  the  stream  came  to  be  sealed  up.  But  the  same  powers  of  waste 
which  had  scooped  out  that  channel  continued  their  operation.  The 
hills  which  had  bounded  the  valley  crumbled  away,  and  the  lava-currents 
that  filled  the  river-bed,  being  much  harder  than  the  surrounding  rocks, 
were  enabled  in  great  measure  to  resist  the  d^radation.  Hence  the 
singular  result  now  appears  that  the  former  hills  have  been  levelled  down 
into  slopes  and  valleys,  while  the  ancient  valley  occupies  the  highest 
ground  in  the  neighbourhood,  and  its  lava-current  stands  up  as  the  well- 
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known  precipitous  ridge  of  the  Scizr  of  £igg.  The  gravel  and  drift-wood 
of  the  old  river  are  still  to  be  seen  nnder  the  rock  of  the  Sciir.'' 

In  connection  with  this  development  of  volcanic  activity,  the  author 
now  quoted  has  called  attention  to  '^the  possible  connection  between  these 
Tertiary  volcanic  rocks  and  the  metamorphism  of  different  parts  of  the 
West  Highlands.  In  Mull,  under  Ben  More,  the  volcanic  rocks  them- 
selves  give  signs  of  having  been  subjected  to  a  process  of  metamor- 
phism, and  they  are  associated  there  with  masses  of  syenite,  like  those 
of  Baasay  and  Skye.  Macculloch  pointed  out  that  the  syenite  of  the  two 
latter  islands  was  later  than  the  secondary  rocks  of  that  district ;  and 
there  now  seems  to  be  a  strong  probability  that  it  will  turn  out  to  be 
of  Miocene  age.  Parts  of  that  syenite  are  a  quartz-porphyry,  other 
portions  seem  to  pass  into  a  true  granite,  while  the  Lias  around  it  has 
suffered  an  extensive  metamorphism.  It  wUl  be  an  important  addition 
to  our  knowledge  of  the  history  of  metamoiphic  action,  if  the  alteration 
of  the  secondary  rocks  of  the  Hebrides  is  eventually  shown  to  be  con- 
nected with  the  evolution  of  volcanic  rocks  during  the  Miocene  period.*' 

The  wide  extent  to  which  the  British  Islands  were  affected  by 
the  Miocene  volcanoes  of  the  west,  is  shown  by  the  abundant  trap- 
dykes,  of  which  an  account  was  given  in  Chapter  XIIL  ^That 
extent  is  not  to  be  measured  by  the  area  at  present  covered  with 
Tertiary  volcanic  rocks,  nor  even  by  the  area  which  these  rocks 
may  have  originally  overspread,  but  from  which  subsequent  denu- 
dation has  removed  them.  From  the  great  volcanic  ridge  running 
through  Antrim  and  the  Western  Islands,  thousands  of  trap-dykes 
diverge  in  a  south-easterly  direction.  They  become  fewer  as  the  dis- 
tance from  that  bank  increases,  yet  they  extend  as  far  as  the  coast  of 
Yorkshire.  No  single  dyke,  indeed,  has  been  traced  across  the  country 
firom  sea  to  sea,  but  there  can  be  little  doubt  that  they  all  belong  to 
one  series.  They  cut  through  all  the  formations  up  to  and  including 
the  chalk,  and  they  likewise  traverse  the  older  portions  of  the  Tertiary 
volcanic  rocks.  They  must  thus  be  of  Tertiary  age,  and  belong  to 
that  of  the  great  series  of  igneous  masses  now  described.  They  do  not 
usually  run  along  lines  of  fault ;  on  the  contrary,  they  are  found  to 
cross  faults  of  fifty  fathoms  and  upwards  without  being  deflected. 
Their  evenness  and  parallelism  show  that  they  must  have  ascended 
through  fissures  prepared  for  them  by  subterranean  movements.  Thus 
we  learn  that  in  Tertiary  times  the  greater  part  of  Scotland,  the  north 
of  England,  and  the  north  of  Ireland,  were  cracked  by  earthquakes, 
and  that  liquid  lava  rose  through  the  hundreds  of  paraUel  rents,  per- 
haps in  some  cases  actually  reaching  the  surface. 

"  Comparatively  recent  as  these  Miocene  volcanic  rocks  of  the 
Hebrides  are,  they  are  old  enough  to  have  undergone  enormous  denu- 
dation.    Wide,  deep,  and  long  valleys  have  been  excavated  out  of 
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the  horizontal  trap-beds ;  and  these  rocks  have  sometimes  been  so 
wasted  away  that  only  huge  detached  pyramids  of  them  are  left,  as  in 
the  case  of  Ben  More,  MnlL  The  volcanic  bank  which  stretched 
through  the  Inner  Hebrides  has  been  worn  down  into  detached  islands, 
often  miles  apart  From  the  fact  of  so  many  trap-dykes  reaching  the 
surface,  even  at  a  distance  of  more  than  200  miles  from  the  main  mass 
of  volcanic  rock,  we  can  hardly  avoid  the  inference  that  the  general 
superficies  of  the  country  has  undergone  a  very  extensive  amount  of 
denudation  since  the  Miocene  period."* 

The  picturesque  coast  line  of  Antrim  affords  many  admirable  sectums 
of  these  Miocene  volcanic  rocks.  The  basalt  beds  may  there  be  seen 
rising  in  regular  succession  over  each  other  from  the  base  of  the  diffi 
to  their  summit  Some  of  these  beds  are  regularly  columnar,  with  cup 
and  ball  articulations,  others,  like  starch,  irregularly  columnar  without 
articulations.  Many  consist  of  an  amorphous  green  amygdaloidal,  more 
or  less  decomposed  rock,  full  of  cavities  and  veins  of  zeolites.  Inter- 
stratified  between  some  of  the  basalts  occur  beds  of  tuff,  some  of  which, 
very  regular  and  persistent  for  a  long  distance,  are  seen  in  consequence 
of  their  being  of  lighter  and  brighter  colours  than  the  other  rocks.  They 
contain  nodular  concretions  of  red  pisolitic  oxide  of  iron,  from  which 
they  are  often  spoken  of  as  red  ochre  beds.  Near  the  summit  of  the 
cliff  over  the  Giant's  Causeway,  beneath  a  wall  of  rudely  colnnmar 
basalt  50  feet  high,  is  a  little  rather  iiT^:ular  seam  of  grey  fire-day, 
and  in  that  or  over  it  is  an  irregular  band  of  coal  or  lignite,  which  Mr. 
Nasmyth  says  sometimes  shows  the  fibres  of  dicotyledonous  wood,  like 
recent  charcoal.  Whole  trees  are  said  to  be  sometimes  obtained,  from 
this  bed. 

Dr.  Berger  puts  the  maximum  thickness  of  the  Antrim  basaltic  form- 
ation at  900  feet,  its  average  thickness  being  taken  as  545  feet,  and 
its  extent  at  800  square  miles.t  From  Sir  R.  Griffith's  map  its  aiea 
would  appear  to  be  at  least  1200  square  miles,  as  it  occupies  a  quad- 
rangular space  48  miles  long  from  north  to  south,  and  28  miles  wide 
from  east  to  west.  In  Fig.  165  we  have  a  diagrammatic  section  through 
Cave  Hill  and  across  the  valley  of  Belfast  In  this  section  the  basalt 
of  the  great  plateau  is  seen  resting  on  the  Cretaceous  beds.  Just  at  the 
base  of  the  basalt  is  a  little  bed  of  brown  clay,  full  of  chalk  flints,  burnt 
red  or  yellow.  This  appears  to  have  been  the  muddy  deposit  derived 
from  the  waste  of  the  chalk,  and  most  probably  to  have  formed  the  sea- 
bottom  on  which  the  first  outpourings  of  igneous  matter  were  deposited. 
I  did  not  succeed  in  discovering  any  oiganic  remains  in  it,  but  should 
hope  that  some  may  eventually  be  found,  as  leaves  and  other  v^etable 

*  Geikle  on  Tertiarj  Volcanic  Rocks  of  the  British  Islands.  Proc  Boj/.  Soc  Ediju  1866-7 : 
also  a  detailed  Paper,  the  flrst  of  a  series  on  the  same  subject.  In  Quart  Joum,  GeoL  Soc, 
vol.  xxvii  t  See  Trafis,  GeoL  Soc,  Ist  ser.  voL  UL 
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fossils  have  now  been  found  in  some  of  the  ash-beds.     This  clay  is  well 
seen  also  at  BaUycastle,  and  doubtless  occurs  in  other  places. 

The  dykes  represented  in  Fig.  165  are  excessively  numerous  in  the 
country  about  the  basalt,  both  on  the  north  coast  and  near  Belfast^  and 


Pig.  iw. 

Diagrammatio  Section  across  Belfast  Valley. 

Feet. 

B.  Basalt^  some  colnmnar  beds,  some  amygdaloidal .  up  to  900   Tertiaiy. 
Y.  Eroded  sorfoce  of  challc,  irith  clay  ftill  of  flints  baked  by  basalt 

C,  Chalk in  some  places  as  mnch  as  850  )  d-etaceons. ' 

G.  Greensand not  exceeding  26 ) 

L.  Lias never  exceeding  80    Oolitic. 

N,  K  M,  New  red  marls,  with  beds  of  rock-salt  abont  600  >  fp-t-, 

N,B.S.  New  Red  Sandstone abont  000) 

c  b.    Carboniferous  rocks,  nndolating  at  high  aitgles,  probably  with  small 

basins,  some  of  which  may  contain  beds  of  coaL  The  lower  beds  only 

Tisible  on  east  side  of  the  Lough. 
L  s.    Lower  Silurian,  black  slates,  eta,  dipping  at  high  angles  to  east,  away 

ftrom  the  Carboniferous  rocks. 
d.  Dykes  of  basalt 

X  Clay  and  silt^  with  bed  of  peat  below,  filling  up  head  of  Belfast  Lough. 

probably  in  other  parts.  On  the  shores  of  Belfast  Lough  they  form 
straight  causeways,  standing  up  as  vertical  walls,  several  feet  high,  ex- 
actly as  if  they  were  artificial  quays.  The  slopes  of  the  Cave  Hill  are 
traversed  by  dykes,  some  of  which  can  be  traced  up  from  the  coast  and 
seen  in  the  Chalk  quarries,  cutting  in  black  vertical  seams  through  the 
white  limestone  in  a  most  picturesque  manner.  These  dykes  are  pro- 
bably in  many  cases  the  feeders  from  which  some  of  the  basaltic  beds 
above  may  have  boiled  over  while  the  rock  was  molten,  though  in  other 
cases  they  may  not  perhaps  have  succeeded  in  reaching  the  surfeu^ 

Characterutie  Fossils. — ^I  shall  not  pretend  to  give  lists  of  these. 
Sir  C.  Lyell  says  that  the  fossils  of  the  ^  fEJuns**  have  a  more  extra- 
European  fiBudes  than  those  of  the  Crag  presently  to  be  described. 
They  contain  seven  species  of  CypnjBay  some  laiger  than  any  Mediter- 
ranean cowry,  and  several  species  of  the  genera  Olivay  AneiUaria,  Mitra^ 
Terebra,  Pyrvla^  Fcuciolana^  and  Cowus,     There  are  eight  cones,  some 
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very  large,  and  the  species  of  Nerita  are  more  like  those  of  Uie  tropics 
than  of  the  Mediterranean.  Out  of  290  species  of  shells  collected  by 
Sir  C.  LyeiU  to  the  south  of  Tours,  72  only  could  be  identified  as  livii^ 
species,  which  is  about  25  per  cent ;  among  a  total  of  302  in  his  pos- 
session, 45  only  are  to  be  foimd  in  the  Suffolk  Crag,  or  15  per  cent; 
and  a  similar  small  percentage  in  the  Actinozoa  and  Polyzoa^  If  we 
compared  the  fossils  of  the  ''  faluns"  with  those  of  living  British  spedes, 
we  e^ould  doubtless  have  very  few  in  common,  the  living  species  found 
in  the  Faluns  being  to  be  sought  in  more  tropical  provinces,  while  those 
of  the  Crag  have  a  more  northern  '^  fades  "  impressed  upon  them.  The 
Faluns  have  a  few  terrestrial  species  of  shells,  among  which  is  the 
Helix  Turoneruis,  and  remains  of  Mammalia  belonging  to  the  genera 
DHnothertum,  Mattodony  Hippopotamus^  Choeropotamus,  Dichobune,  Deer, 
and  others,  together  with  some  Cetaceans  and  Phoddie,  Lamantine, 
Morse,  etc  The  very  remarkable  animal  Deinotheritun  gigcoUeum,  is 
characteristic  of  the  Miocene  beds  of  Europe ;  while  another  species, 
D.  Indicum,  has  been  found  at  Perim  Island  in  the  Gulf  of  Cambay, 
and  at  Attock  in  the  Punjab.* 

In  the  Sewalik  Hills  of  India,  Dr.  Falconer  and  Colonel  Cantley 
found,  together  with  portions  of  Mastodon,  five  extinct  elephants  (three 
of  them,  SUgodon,  intermediate  between  Elepkas  and  Jfattodon),  a  Hexa- 
protodon  (extinct  hippopotamus),  a  Chalicotherium  (a  rhinocerofr-like 
pachyderm)  and  extinct  Giraffe,  a  Camel  and  large  Ostrich,  the  veiy 
remarkable  genus  Sivatkerium,  together  with  Camivora  and  Monkeys, 
great  Crocodiles,  and  a  gigantic  Tortoise  {Colosaochelgs  AtUu),  the  curved 
^ell  of  which  was  upwards  of  12  feet  long  and  8  feet  brcMML  Fifteen 
species  of  fresh-water  shells  also  occur,  of  which  all  but  four  are  extinct, 
giving  a  percentage  of  about  25  :  lOO.t 

In  North  America  are  many  shells  of  the  genera  NaticOy  FissureUoy 
ArtemiSy  Lucinay  Ckamoy  PectunculuSy  and  Fecten,  and  one,  AstcnrU  «m- 
dulatay  very  like  the  A.  hipartita  of  the  Suffolk  Crag.  ^  Out  of  147 
of  these  American  fossils,"  says  Sir  C.  Lyell,  "I  could  only  find  thirteen 
species  common  to  Europe,  and  these  occur  partly  in  the  Suffolk  Crag 
and  partly  in  the  Falims  of  Touraine  ;  but  it  is  an  imx>ortant  charae- 
teristio  of  the  American  group  that  it  not  only  contains  many  peculiar 
extinct  forms,  such  as  jFhtsus  quadricostatui  and  Ventu  tridacnoideiy 
abundant  in  these  same  formations,  but  also  some  shells  which,  like 
Fulgwr  carica  and  F.  canaliculatusy  Cahfptrcea  costatUy  Venus  mercenarioy 
Modiola  glanduloy  and  Fecten  MageUanieuSy  are  recent  spedes,  yet  of 
forms  now  confined  to  the  western  side  of  the  Atlantic — a  fact  implying 
that  some  traces  of  the  beginning  of  the  present  geographical  distribu- 
tion of  Mollusca  date  back  to  a  period  as  remote  as  that  of  the  Mipiyty 
strata."}: 

•  See  LyelVs  BlemtnU,  oh.  xiv.  and  xy.      t  See  Lyell,  op.  cit.  p.  S78.       }  Lyell,  op.  dt  p^  S7S. 
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A  distingaishing  feature  of  the  Miocene  foimations  of  Eoiope  is  the 
abundant  fossil  flora  which  they  contain.  In  the  Lower  Molasse  of 
Switzerland,  for  example,  upwards  of  500  species  of  plants  have  been 
found,  including  species  of  fig,  palm.  Sequoia,  Cinnam<mivmy  ferns,  etc. 
The  general  character  of  the  flora  indicates  a  warm  climate.  Yet  these 
plants  have  been  found  even  in  Greenland,  where  they  occur  abimdantly, 
and  of  full  size,  in  lat  70°.  Hence  we  are  led  to  infer  that  the  higher 
temperature  was  not  characteristic  of  Europe  only,  but  extended  over  the 
northern  hemisphere.* 

Foreign  Localities. 

For  fuller  infonnation  on  the  development  of  Miocene  rocks  abroad,  the  stndent 
nay  consult  the  Elementary  Manual  of  Sir  Charles  Lyell,  and  the  authorities  cited 
by  him.     A  mere  reference  to  the  subject  is  subjoined  here. 

Belgium  and  France, — ^The  Bolderburg  beds,  the  Faluns  of  Touraine  and 
Bordeaux,  the  Falunien  sup^rienr  of  D'Orbigny,  are  classed  by  Lyell  as  Upper 
Miocene.  In  his  Lower  Miocene  he  places  the  Rupelian  of  Dumont,  occurring  near 
Antwerp,  the  Eleyn  Spawen  beds  of  Limburg,  and  the  lacustrine  strata  with 
mammidia  found  in  Auvergne  in  central  France.  Associated  with  the  latter 
were  the  earliest  beds  of  lava  and  volcanic  breccias  which  began  now  to  be  poured 
forth  in  the  districts  of  Auvergnef  and  Velay,  and  continued  to  break  forth  at 
intervals  to  later  times. 

Germany  and  Stoitxerland. — ^As  Upper  Miocene  are  included,  by  the  same 
author,  the  strata  of  the  Vienna  basin,  and  the  upper  and  middle  Molasse  of 
Switzerland,  the  former  yielding  on  abundance  of  dicotyledonous  vegetation,  the 
latter  a  marine  fauna.  As  Lower  Miocene,  the  beds  of  the  Mayence  basin,  and 
the  Lower  Molasse  of  Switzerland,  which  is  chiefly  of  freshwater  origin,  and  con- 
tains  some  enormous  masses  of  conglomerate.  Nothing  is  more  calculated  to 
strike  the  geological  traveller  on  his  first  visit  to  Switzerland  than  the  vast  de- 
posit of  the  "  Molasse,"  occupying  the  central  region  between  the  Alps  and  the 
Jura.  This  is  the  country  of  tiie  great  lakes,  extending  fh>m  that  of  Qeneva  to 
that  of  Constance.  The  level  of  those  two  lakes  is  from  1100  to  1225  feet  above 
the  sea,  that  of  the  Brienzer  Zee  is  nearly  1800,  the  other  laige  lakes  being  of 
intermediate  heights.  The  hills  by  which  these  lakes  are  environed  have  all  the 
rugged  and  broken  character  of  mountains,  and  rise  into  peaks  of  various  altitudes, 
up  to  that  of  6050  feet,  which  is  the  height  of  the  Rigi  Eulm.  These  hills,  which, 
if  they  were  not  overshadowed  by  the  still  loftier  Alps,  would  themselves  be  cele- 
brated mountains,  are  composed  from  top  to  bottom  of  beds  of  sand  and  gravel, 
occasionally  compacted  into  sandstone  and  conglomerate,  of  more  recent  origin 
than  the  newest  beds  of  the  Isle  of  Wight  Their  thickness  is  equal  to  that  of 
one  of  our  Paleozoic  groups, — ^the  conglomerate,  called  Nagel-flue,  forming  all  the 
upper  part  of  the  Rigi,  being  itself  stated  at  6000  feet  thick. 

It€Uy, — Part  of  tiie  beds  in  the  hill  of  Superga,  near  Turin,  correspond  in 
fossil  contents  with  the  Upper  Miocene  strata  of  Touraine  and  Bordeaux,  while 
beneath  them  are  others  in  which  well-known  Lower  Miocene  plants  have  been  found. 

India. — The  Sewalik  formations  which  compose  the  sub-Himalayan  range  of 
hflls  have  yielded  a  great  variety  of  fossil  mammalia  and  reptiles,  as  weU  as  fresh- 
water shells.     These  are  parall^  with  the  Upper  Miocene  fauna  of  Europe. 

*  See  Beer's  Flora  TtrHaHa  HdvetitB.    Lyell,  op.  dt  chap.  xv. 

t  The  great  volcanic  mountains  of  the  Cantal,  and  that  of  the  Mont  Dor  in  Auvergne,  are 
of  flar  earlier  date,  as  may  be  surmised  fh>m  the  worn  and  eroded  condition  of  their  fluiks, 
and  the  destruction  of  their  central  cones  and  craten,  when  compared  with  the  perfect  state 
of  the  volcanoes  which  are  probably  of  Miooene  tge. 
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Of  thiB  period  we  again  Lave  representatiyes,  thongh  small  ones,  in 
the  British  Islands.  These  occur  in  Suffolk  and  Norfolk,  where, 
spreading  over  the  Lower  Eocene  formations,  they  overlap  upon  the 
Chalk.  Their  uppermost  beds  consist  of  an  assembkge  of  sands  and 
gravels,  which  are  locally  termed  Crag.  They  have  been  divided  into 
three  groups,  on  account  of  the  different  assemblages  of  organic  remains 
which  they  contain.  Two  of  these  are  termed  Older  Pliocene ;  the 
third  is  classed  as  Newer  PUocene.  They  are  subdivided  as  fol- 
lows : — 

Feet. 

3.  Norwich  Crag     ....         20 

2,  Bed  Crag 50 

1.  Coralline  Crag   ....         30 

1.  The  Corallixia*  Orae  is  composed  chiefly  of  soft  marly  sands  of  a 
white  colour,  sometimes  speckled  with  green,  containing  occasionally 
thin  bands  of  flaggy  limestone.  It  is  generally  about  20  feet,  but 
sometimes  as  much  as  50  feet  in  thickness.  Near  IpsMrich  it  has  been 
denuded,  and  the  Bed  Crag  is  seen  to  lie  in  the  hollows  that  have  been 
eroded  in  it,  which  is  the  only  direct  evidence  of  the  superposition  of 
the  Bed  Crag  on  the  Coralline  ;  otherwise  they  lie  side  by  side,  the 
Coralline  Crag  being  confined  to  a  strip  of  countiy  twenty  miles  long 
by  three  or  four  wide^  stretching  through  Ipswich  from  the  Stoux 
river  to  the  Aide  river.  350  species  of  marine  molluaca  have  been 
found  in  this  formation.  Of  these  110  appear  to  be  extinct^  or  31 
per  centt 

CharacterisUe  Fosails. 

Foraminifera     .     Opercolina  complanata. 

AcHnozoa      .     .     Flabellum  Woodii         ...        Br.  Fobs.  Cor. 

Pdyzoa  .     .     .     Cellepora  ceUoloRa         .  .        Bosk's  Crag.  FoL^ 

*  It  Appears  that  this  term  Corslline,  although  now  settled  by  usage,  was  in  mlity  a 
mistake,  inasmuch  as  true  Corals  are  rare  in  the  Crag,  and  the  coral-like  bodia  fbond 
abundantly  in  the  " Coralline, "  but  not  entirely  absent  from  the  "Bed"  Crag,  are  not  in 
reality  Adinnoa  but  P<Ayzoa.—{P<d.  Soc,  Bdwards  and  Haime.) 

t  Searles  Wood,  in  Pal  Soc  Monograph, 

X  Busk's  "  Polysoa  of  the  Crsg,"  Pal  Soe,  Monograph. 


SehimxUrmala 
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ThMHiM  globon   ... 

Fascicnlirii  aarautiam  . 

Terebntula  graadu  (ftnd  Bad  Cr.) 

Ungok  Dumortleri 

Ait&ite  Omalli  (and  Red  Cr.) 

Cirdits  wiailM  (ud  Bed  O.)  . 

Coralliapluiga  cfpriDoides 

Cjprina  nutica     . 

Ostnw  ptinceps  (and  Bed  Cr.) 

Pecten  Qeranii       . 

Pyrala  reticulata  . 

Bullfea  BculpU 

CoHBldariii  bicateoata 

Volute  Lunberii  . 

Comatala  Brownli 

EchlDUS  Woodwardil 

Temnechiniu  excavatOB 

Ecbiaocf  amiu  puaiUus 


Bulk's  Crag.  PoL 
Lr.  Man.  %  ISS. 
Fa68.  gr.  46,  «. 
L7.  MaD.,  flg.  180. 
Foas.  gr.  IS,  d. 

Ibid.     iB,t. 
Wood,  Ci«g-  MoL* 
Tab.  VlDw. 
Wood,  Crag.  UoL 
Tab,  View, 
Ly.  Man.  fig.  ICS. 
Wood,  Crag.  MoL 
Tab,  View. 
FcHj.  gr,  48,  /, 
Forbtt^  Ter.  Ech. 
Foas.  gr.  46,  a. 

Ibid.     46.6. 

Ibid.     47, 1. 


t 


Fnall  Onnp  Bo.  48. 
ConniiM  Cng  VonDa, 

0.  BcUniu  WaodnrdlL         ■  <!.  j 

Ii.  TusDMUniu  BlaTatlUL 


/.  VoluU  lAmbertl. 


■  "TbeMolltUHorihaCne.'bjllr.  BearlM  Wood,  FaL  Soe.  Mmornv*- 
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S.  Tho  Bed  Ons  coniiiti  of  beds  of  Ted  qnaiUoee  sandt  nd 
gravel,  with  accamolAtioiiB  of  lolled  Bfaella.  It  u  very  v&mble  in 
chamcter,  tometimet  i^nlarly  atratilied,  sometimea  more   nmfnwd. 


Like  the  CoraUine  or  Wfiite  Crag,  it  resemblea  the  deposits  which  it 
may  now  euppose  to  be  taking  place  in  the  shallow  bed  of  the  Gennu' 
liells  found  in  it,  65,  or  25  pet  cefll, 


Foramtn^fera 
Aetintaoa 
Conchifera    . 


Characieriiiie  FottOt. 
Polymorphina  commimii 
BJuiophylliB  cilyculoa 
ArUmu  lenUfoimis 
AsUrte  obliqnuta  . 
Cirdinm  SDgnstatam 
Mictra  conibict*  . 
Pecten  plebelnt 
FectuncDiiu  nriabUis   . 
NocDla  Cobboldin 


(Urtng.) 
Foes.  (cr.  *7,  a. 
Tab.  View. 
Foia.  gt.  47,  e. 

Ibid.     t7,  d. 

Ibid.     47.  c 
Ttb-View. 

Ibid. 
Ly.  Hu.  flg.  115. 
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O<uteropoda 


Golnmliella  sulcata 
Cancellaria  costellifera 
Cypnea  Europeea  . 
Ftisus  antiqaiis 

contrariuB  (Triph 


on  antiqaum) 


JifatMncdia 


Nassa  reticosa 

Natica  hemiclausa 

Purpura  tetragona 

Scalaria  Oroenlandica 

VolQta  Lamberti  . 

Balsenodon  emargmatus  (ear-bones) 

Felis  {Murdoides      •        .        .        . 

Mastodon  Arvemensis  (angostidens) 

Hhlnooeros  SchleiermacherL 

Tapims  priscus. 

Cemis  anoceros. 


Foes.  gr.  47,  /. 

Tab.  View. 

Ly.  Man.  fig.  158. 

Tab.  View. 
Ibid, 

Foss.  gr.  47,  i. 
Ibid.  47,  g. 
Ibid,     47,  A. 

(Living.) 

Ly.  Man.  fig.  157. 

Tab.  View. 

Owen,  Foss.  Mam. 
Ibid, 


There  are  many  fossilB  common  to  the  Coralline  and  Red  Crags, 
some  of  which  lived  in  both  periods,  but  others  may  possibly  have 
been  washed  as  fossils  from  the  Coralline  into  the  Red  Crag.  There 
are  also  fossils  common  to  the  two  Oags  and  to  more  recent  deposits, 
and  it  is  obviously  likely  that  the  still  existing  species  found  in  either 
of  the  Oags  will  also  be  found  in  any  or  all  subsequent  deposits,  either 
in  the  British  area  or  elsewhere,  according  to  their  subsequent  migra- 
tions. Of  the  living  species  that  are  found  in  the  Red  Crag  but  not  in 
the  dJoralline  or  any  earlier  deposit,  it  is  noteworthy  that  they  have 
a  rather  more  northern  character  than  the  fossils  of  the  Coralline  Crag 
have,  many  of  them  still  inhabiting  our  own  coasts.  Others,  however, 
with  many  of  the  living  species  of  the  Coralline  Crag,  are  now  only  to 
be  found  in  more  southern  seas. 

3.  Norwioh  or  Mammaliferons  or  Fluvio-marine  Orag. — ^There  are 
in  the  neighbourhood  of  Norwich  certain  beds  of  sand,  gravel,  and 
loam,  which  go  by  the  name  of  Crag,  as  well  as  the  two  older  divisions 
of  the  Pliocene  series  just  described.  They  have  yielded  a  miugliug 
of  land  and  fresh-water  shells,  with  a  laige  proportion  of  marine 
species,  together  with  bones  of  several  extinct  species  of  Mammalia. 
The  land  and  fresh-water  shells  amount  to  20  species,  all  still  living, 
save  possibly  one  species.  The  marine  species  number  124,  of  which 
about  18  per  cent  are  extinct  There  is  a  certain  admixture  of 
northern  species  in  the  molluscous  faima  of  the  Norwich  Crag,  indi- 
cating the  b^finning  of  that  severity  of  climate,  which  reached  its 
climax  later  in  what  is  known  as  the  Glacial  Period,  when  many 
Arctic  species  of  shells  lived  abundantly  in  our  seas,  where  they  arc 
now  either  extinct  or  exceedingly  rare. 


Brachiqpoda 
Co7ichi/era 


Characteristic  Fossils, 

Rhynchonella  psittacea. 
Nncnla  Cobboldise. 
Panopea  Nonregica. 
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Conek^era     ....        TeUina  oWqna. 

Astarte  borealis. 

Cardium  ednle. 

Carina  lalandiea. 

Pholas  crispata. 
Oasieropoda  ....        Fnsiu  antiquns. 

striatuB. 

Littorina  littorea. 

Natica  helicoides. 

Taritella  commuiui. 

Scalaria  Graenlandioa. 
Fith      .  •      ' .        .        Bones  of  several  species. 

Mammalia     ....        Biastodon  Arvemensis. 

Elepbas  meridionaUs. 

Deer,  extinct  species. 

Tortign  Iiooalities. 

The  stndent  is  again  referred  to  the  Manual  of  Sir  Charles  Lyell,  wlto  has 
collected  a  body  of  information  on  the  Tertiary  rocks  of  foreign  oonntrieB. 

Antwerp.— -Some  strata  aronnd  Antwerp,  and  on  the  banks  of  the  ScbeUt 
below  that  city,  contain  200  species  of  shells,  of  which  two-thirds  are  the  same  ss 
those  of  the  Crag  of  Snflfolk.  More  than  half  are  living  species,  principally 
belonging  to  the  Celtic,  though  some  are  Lusitanian  (Mediterranean)  species.  * 

Italy. — The  snb-Apennines,  or  low  hills  intervening  between  the  Apenmsei 
and  the  sea,  on  each  side  of  Italy,  are  made  of  Tertiary  strata^  of  which  part  are 
of  Miocene,  part  of  Pliocene,  and  part  of  a  still  more  recent  period.  T%e  beda  of 
Asti  and  Parma,  and  the  bine  marl  of  Sienna,  which  near  Parma  is  2000  feet 
thick,  over  which  are  ydlow  sands  and  conglomerates  formed  on  the  ahallowing 
of  the  sea,  belong  to  this  period,  as  do  the  Tertiary  marine  beds  forming  t2>e  base 
of  the  seven  hills  of  Rome. 

Sicily. — Strata  of  newer  Pliocene  age  cover  nearly  the  half  of  Sicily,  and  rise 
to  a  height  of  8000  feet  above  the  sea.  Their  upper  calcareous  division  K>me- 
times  attains  a  thickness  of  700  or  800  feet.  Philippi  states  that  out  of  1S4 
species  of  fossil  shells  fh)m  these  deposits,  85  are  extinct  f 

S,  JZtiMtd. — Sir  R,  L  Murchison  and  M.  de  Vemeuil  describe  limestone  and 
sands  rising  occasionally  to  the  height  of  several  hundred  feet  above  the  sea 
around  the  coasts  of  the  Caspian  and  Aral  Seas,  and  the  north-western  parts  of 
the  Black  Sea,  as  belonging  to  this  period.  They  call  them  the  Aralo-Caspiaa 
formation.     The  fossils  are  partly  fresh-water,  partly  marine.  :t 

»  Lyell,  Manual,  p.  206.  t  Lyell,  op.  cit  p.  l»l.  %  Geology  qfRnttla,  p.  27«. 


CHAPTEE  XLI. 

IV.  THE   POST-TERTIARY,  QUATERNARY,  OR 
PLEISTOCENE  PERIODS. 

GIiAOIAIi    FISUOD.* 

Keferenge  lias  been  made  in  the  foregoing  chapter  to  the  evidence 
famished  by  the  Crag  of  a  gradual  refrigeration  of  the  climate  of  this 
part  of  Europe.  That  diminution  of  temperature  continued  during  the 
next  geologicfd  period,  and  it  is  chiefly  the  process  of  this  change  of 
climate,  and  the  traces  which  it  has  left  behind  it,  which  will  occupy  us 
in  the  present  chapter. 

In  the  deposits  now  to  be  described  all  the  shells  belong  to  living 
species ;  in  the  older  beds  the  mammalia  are  partly  extinct,  in  the  later 
beds  all  the  fossils  are  of  recent  species. 

The  fragmentary  and  local  character  of  so  many  of  the  late  forma- 
tions makes  it,  as  we  have  seen,  often  difficult  to  ascertain  their  ordeV 
of  sequence  and  age.  We  are  left  to  draw  inferences  as  to  relative 
antiquity  &om  the  proportion  of  extinct  species  of  fossils  in  the  different 
deposits,  but  this  test  may  often  be  most  fallacious,  and  should  not  be 
used  independently  of  the  physical  evidence  of  former  changes  furnished 
by  the  varying  character  of  the  deposits  themselves.  In  many  cases  no 
order  of  superposition  can  be  determined,  because  the  deposits  whose 
relative  antiquity  we  wish  to  ascertain,  are  not  found  in  contact,  but  in 
separate,  and  perhaps  distant,  localities.  We  can  only  arrange  them 
in  such  sequence  as  appears  best  to  harmonise  their  respective  histories, 
and  to  indicate  the  most  probable  order  of  geological  change. 

The  deposits  indicative  of  the  passing  of  that  great  section  of  Post- 
Tertiary  time,  known  as  the  Glaci^  Period,  may  be  grouped  as  under, 
the  order  being  as  far  as  possible  a  chronological  one,  with  the  oldest  at 
the  bottom,  though  it  cannot  be  asserted  positively  that  some  of  the 
divisions  may  not  have  been  reaUy  contemporaneous  with  others  which 
are  here  placed  beneath  them. 

Table  of  the  Glacial  Deposits  of  Britain, 

7.  Moraines  of  valley-glaciers. 
6.  Higher  Raised-beaches. 

6.  Stratified  Clays  with  Arctic  shells  (Clyde  beds). 

*  Be-written  by  the  Editor. 
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4.  Erratic  Blocks. 

3.  Kames  or  Eskers,  and  upper  sandy  and  gravelly  Drift 

2.  Boulder  Clay,  witii  beds  of  sand  and  gravel,  which  in  some  places 
contain  marine  shells.  The  lower  part  of  the  Boulder  day 
or  Till  LB  in  Scotland  unfossiliferous,  rests  on  ice-wom  lock- 
surfaces,  and  is  regarded  as  of  terrestrial  origin. 

1.  Sands,  gravels,  etc,  with  plants  and  mammalian  remains  (Croma* 
Forest-bed). 

These  deposits  will  be  described  in  the  order  of  their  relative 
antiquity,  beginning  with  the  oldest,  although,  as  already  remarked, 
it  is  not  always  possible  satisfactorily  to  make  out  a  cbronolc^jcal 
arrangement,  so  that  the  order  here  given  may  require  subsequent 
modification. 

1.  Beds  under  the  Boulder-Clay. — Underneath  the  boulder-clsy, 
to  be  immediately  described,  there  occur  occasional  deposits,  whidi 
serve  in  some  cases  to  indicate  the  nature  and  position  of  the  sur£Ke 
of  the  land  previous  to  those  geological  conditions  under  which  the 
boulder^clay  itself  was  formed.  Such  deposits  necessarily  vary  much  in 
character,  and  may  belong  to  long-separated  periods  of  time,  thougji 
agreeing  with  each  other  in  lying  below  the  boulder<day.  The  most 
interesting  and  best  known  of  them  is  that  which,  und^  ^e  name  ol 
the  Cromer  Forest-bed,  extends  for  about  forty  miles  along  the  beach 
of  the  Norfolk  coast  It  consists  of  the  remains  of  an  old  forest^  of 
which  the  tree-stumps  still  remain,  with  their  roots  in  the  former  boSL, 
and  overspread  with  the  decayed  v^tation  which  has  become  a  kind 
of  lignite,  wherein,  besides  seeds  of  land  plants  and  firesh-water  shells, 
the  bones  of  about  twenty  species  of  terrestrial  mammalia  have  been 
found.  Of  these  only  half  now  survive,  the  rest  being  extinct.  Among 
them  occur  Ursus  Arvemetms,  Rhinoceros  Etntscua,  an4  -A.  m^arkinm, 
Mephas  antiquus  and  E,  meridionalia,  Equtu  fouHUy  HippopoiammB 
major,  together  with  the  musk-ox,  mole,  Irish  elk,  stag,  beaver,  etc* 

In  Scotland  some  beds  of  terrestrial  origin  have  been  found  in 
Ayrshire,  underlying  the  boulder-day,  and  containing  remains  d 
fresh-water  plants  as  weU  as  of  the  mammoth.t 

loe-worn  A8i>eot  of  Britain. — ^The  general  surface  of  a  great  pert 
of  the  British  Islands,  excluding  the  centre  and  south  of  England,  has 
a  smoothed  contour,  which  is  now  recognised  as  the  work  of  land-io& 
Hills,  valleys,  and  knolls  of  rock  have  been  ground  down,  and  have 
received  that  characteristic  flowing  outline  which  ice,  alone  of  all 
natural  agencies,  can  produce.  When,  moreover,  we  strip  off  the 
superficial  cover  of  detritus,  and  examine  the  sur&ce  of  rock  undei^ 
neath,  we  find  it  covered  with  the  well-known  grooving  and  stiiation 

•  Geology  of  Norfolk  (1864),  by  Rev.  John  Guirn ;  Boyd  DawUns,  Qwsrt  Journ.  Geoi  Soe., 
^^'  210.  t  Bryce,  Quart,  Joum.  Gtok  Soc,  xxL  217. 
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whicli  are  met  with  by  the  side  of  eveiy  modem  glacier.  These 
markings  are  not  disposed  at  random^  bat  run  in  more  or  less  parallel 
lines.  And  when  we  examine  them  over  the  length  and  breadth  of 
the  country,  we  diBcover  that  they  point  away  outward  in  every 
direction  from  the  main  masses  of  high  ground,  indicating  that  the  ice 
which  produced  them  covered  the  land  in  a  deep  continuous  sheet, 
like  that  of  Qreenland,  and  that  it  moved  outward  and  downward  from 
the  high  grounds  to  the  sea.  So  vast  was  the  mass  of  ice  that  it 
swept  over  even  considerable  hills,  smoothing  and  striating  their  sides 
and  summits.  To  this  period,  according  to  Professor  Ramsay,  is  to  be 
attributed  the  general  erosion  of  the  present  lake-basins  of  Britain.* 
Another  feature  of  the  surface-geology  of  the  country  dates  fiK)m  the 
same  period — ^the  widely  distributed  bonlder-clay.t 

2.  Boulder  Olay  or  TilL — This  deposit  is  not  at  all  Hkely  to  be 
confounded  with  any  other.  It  consists  of  a  mass  of  unstratified  clay, 
with  blocks  and  boulders  of  stone  stuck  in  it  promiscuously,  the  whole 
seeming  to  be  the  result  of  an  irregular  pell-mell  carrying  forward  and 
deposition  of  the  materials. 

The  colour  and  general  composition  of  the  mass  vary  according  to 
the  nature  of  the  rocks  from  which  it  has  been  derived.  Thus,  in  a 
region  of  dark  carboniferous  shales,  the  boulder-clay  is  leaden,  grey,  or 
black  ;  in  one  of  Old  Red  Sandstone  it  is  red,  and  so  on.  31 

The  stones  in  the  clay  range  in  size  from  mere  grains  of  sand  up 
to  masses  a  yard  or  more  in  length.  Wherever  the  rock  of  which  th(  y 
consist  has  been  of  a  kind  to  receive  and  retain  surface-markings,  tie 
stones  are  found  to  be  covered  with  ruts  and  striss,  which  run  for  the 
most  part  along  the  long  axis  of  each  stone.  There  can  hardly  be  any 
doubt  that  these  markings  have  been  produced  under  a  sheet  of  land-ice 
in  the  manner  already  described,  §  and  that  the  boulder-clay  is  thus  the 
product  of  the  grinding  of  vast  masses  of  ice  over  the  country.  From 
the  study  of  the  composition  of  the  stones  in  the  boulder-clay,  it  is 
-usually  possible  to  tell  from  what  quarter  they  have  been  carried, 
and  hence  to  ascertain  the  direction  in  which  the  ancient  ice-sheet 
moved.  In  this  way,  for  example,  we  learn  that  in  Scotland  there  was 
a  general  divergence  of  the  great  ice-mass  outward  from  the  main  mass 
of  the  high  grounds,  so  that  in  one  district  the  movement  was  northerly, 
in  another  southerly,  or  eastwards  or  westwards.     Additional  evidence 

*  See  ajUe,  p.  460. 

t  On  the  General  OlaciaUon  of  Britain,  see  Agaasiz,  Proc  GeoL  Sbc,  iiL  827 ;  Edin.  New 
Phil  Jminuy  zxxiii.  217;  Ramsay,  Quart.  Joum,  GtcL  Soe.,  viii.  xviii. ;  T1^6  Old  Glaeitrt  of 
WdUs,  1869 ;  Physical  Geography  of  Britain,  1868 ;  Chamben,  Edin.  New  Phil  Joum.,  Ut. 
2S9 ;  Madaren,  Edin.  PhiL  Journ.,  1849 ;  Jamieson,  Quart.  Joum.  OeoL  Soc,  vol.  zvliL ; 
Oeikie  **  On  Glacial  Drift  of  Scotland,**  Trana.  GtoL  Soc  GUugow,  L  part  li.,  and  Scenery  of 
Scotland ;  Maxwell  H.  Close  on  "  Glaciation  of  Ireland,"  Joum.  GeoL  Soc  Dublin,  1868. 

I  Geikie,  Trans.  Geol.  Soc.  GUugovf,  i.  part  ii.  p.  87.  S  See  ante,  p.  408. 
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of  the  fonner  presence  of  land-ice,  and  of  the  direction  in  which  it 
moved,  is  furnished  by  the  smoothly-polished  and  striated  surface  of 
rock  on  which  the  boulder-clay  is  usually  found  to  rest  Such  worn 
surfaces  are  unequivocally  the  work  of  land-ice,  like  the  roche*  mouionnki 
described  in  a  previous  chapter.  *  They  are  found  all  over  the  surface 
of  Scotland,  Ireland,  the  north  of  England,  and  Wales.  So  perfectly 
indeed  are  all,  even  the  hardest  rocks,  rounded  and  smoothed,  that 
the  very  universality  of  the  process  prevents  its  striking  an  eje  sot 
instructed  in  the  nature  of  the  phenomenon.  The  summits  of  the 
highest  mountains,  which  either  rose  above  the  ancient  ice-sheet,  or 
which  have  been  broken  up  by  atmospheric  waste  since  the  ^adsl 
period,  bristle  with  rough  peaks  and  crags,  but  their  lower  slopes  are  all 
smooth  and  rounded,  and  this  smoothing  is  continued  down  even  belor 
the  level  of  the  sea.  In  many  cases  precipitous  faces  of  hard  rock 
have  been  undercut  into  broad  grooves  and  mouldings,  of  several  inches 
in  depth,  and  a  foot  or  two  in  width,  just  as  the  precipices  which 
glaciers  now  rub  against  are  grooved.  The  surface  of  the  rocks  on  the 
slopes  and  tops  of  the  hiUs  are  traversed  also  by  strice,  or  scratdieg 
running  in  parallel  lines,  sometimes  as  faint  as  the  lines  of  an  engrav- 
ing, but  often  deep  enough  for  a  thick  pencil  to  lie  in,  or  even  deeper 
ruts  or  flutings,  which  would  hold  a  human  body.  These  characteristic 
surface  features  have  been  produced  by  the  grinding  of  a  thick  mass  of 
ice  over  the  face  of  the  country,  while  the  boulder-clay  itself  represents 
the  grwndmorUney  or  bottom-moraine  of  the  same  ice-mass. 

There  occur,  however,  such  marked  differences  between  the  boulder- 
clay  of  distinct  districts  as  to  point  probably  to  considerable  diversities 
of  origin.  The  description  already  given  applies  to  the  massive  lower 
boulder- clay  or  till  of  Scotland  and  the  north  of  England.  But  in 
parts  of  the  Scottish  till  there  occur  intercalated  local  beds  of  sand, 
clay,  and  gravel,  sometimes  full  of  peaty  vegetation,  and  with  remains 
of  the  mammoth,  etc  Such  intercalations  appear  to  indicate  warma 
periods,  when  the  ice  had,  partially  at  least,  retired  from  the  face  of  the 
country,  so  as  to  allow  vegetation  and  large  mammals  to  cover  it  anew.t 

We  have  still  much  to  learn,  however,  regarding  the  flora  and 
fauna  of  the  land  during  the  climax  of  the  Ice  age.  It  is  easy 
to  understand  that,  when  the  country,  so  far  as  it  then  rose  above  the 
sea,  was  covered  with  snow  and  ice,  little  trace  need  be  looked  for 
of  the  contemporary  land-surfaces,  or  of  the  vegetation  and  the 
animals  which  then  lived  there.  Still,  some  glimpses  have  already 
been  obtained  into  this  subject,  and  more  may  be  expected  as  new 
sections  of  the  boulder-clay  are  examined.  Of  the  Mammalia  chanc- 
teristic   of  the   Glacial   Period,   may  be  mentioned   the   Mammoth* 

*  See  (mU,  pp.  408,  409. 
t  See  Gelkle,  Trans.  Gtol.  Soe.  Glasgow,  i.  part  ii,  p.  68^  Mahony,  G«oZ.  Mag.,  vL  190. 
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tichorliiiie  Rhmoceros,  Reindeer, 'Musk-sheep,  Bos  pnmigeniiM,  Bison 
prUcus,  and  Cervus  Tnegaceros. 

Immense  numbers  of  teeth  and  tusks  of  the  mammoth  are  found 
in  Siberia,  and  complete  beds  of  them  in  Escholtz  Bay,  on  the  north 
coast  of  America.  The  whole  carcass  of  the  animal  has  actually  been 
recovered  from  a  frozen  cliff  in  Siberia,  and  found  to  be  coated  with 
long  coarse  hair,  forming  a  shaggy  mane  about  the  neck,  underneath 
which  was  a  woolly  coat,  evidently  a  defence  against  the  severity  of  a 
cold  climate,  and  showing  that,  xmlike  our  modem  elephants,  the 
animal  was  not  tropical  but  arctic.  Its  tusks  are  largely  exported 
from  Siberia  to  be  used  as  ivory,  and  some  found  in  England  have 
been  thus  used.  They  were  longer  and  more  incurved  than  those  of 
either  of  the  existing  elephants,  some  of  the  tusks  measuring  ten  feet 
in  length,  while,  the  transverse  plates  of  the  teeth  were  closer  and 
narrower  than  in  the  Asiatic  elephant,  and  very  different  therefore  from 
the  African,  in  which  the  plates  of  enamel  form  lozenges  on  the  upper 
surface.  At  Escholtz  Bay  the  cliffs  are  said  to  be  either  ice  or  coated 
with  ice,  and  on  the  top  of  them,  embedded  in,  and  partly  covered  by, 
boggy  and  sandy  soil,  are  numberless  bones  that  have  lost  but  little  of 
their  animal  matter,  hair  being  dug  up  with  them,  and  the  whole 
island  having  a  charnel-house  smell.  The  bones  were  those  of  Elepha» 
primiffentits,  Uqutcs  fossilis,  Cervus  (dees  (moose  deer)  and  C.  tarandus 
(reindeer),  Ovibos  (musk-sheep),  Ovtbos  maximus  (a  musk-sheep  of  greater 
size  than  any  living  one),  Bison  latifrons  (Arctic  fossil  Bison),  Bison 
crassicomis  (heavy-homed  bison),  and  other  bovine  animals.*  A  whole 
carcass  of  the  Rhinoceros  tichorhimis  has  been  in  like  manner  dug  out 
of  the  frozen  soil  of  Siberia,  and  is  described  by  Pallas  as  covered  with 
a  woolly  coat. 

The  Cervxis  megaceros  or  Megaceros  Hibemicics,  of  which  the  remains 
have  been  not  uirfrequently  found  in  Ireland,  was  not  an  elk,  as  it  is 
often  called,  but  a  true  deer,  intermediate  between  the  fallow-deer  and 
the  reindeer.  It  inhabited  the  same  frozen  plains  with  the  extinct 
mammoth  and  the  woolly  rhinoceros,  and  wiUi  the  still  living  rein- 
deer and  musk-sheep. 

In  Lancashire  a  threefold  subdivision  of  the  boulder-clay  has  been 
made  into— 1.  Lower  boulder-clay ;  2.  Middle  sands  and  gravels ; 
3.  Upper  boulder-day  ;  and  this  arrangement  has  been  found  to  hold 
good  over  a  large  area  of  the  low  land  in  the  north-west  of  England, 
the  middle  subdivision  sometimes  yielding  marine  sheUs.f  In  Scot- 
land no  such  subdivision  has  been  found  practicable,  although  there, 

•  Richardson's  Polar  Voyageg,  p.  296. 

t  See  the  Memoirs  cf  the  GecHogical  Survey,  exphuuitory  of  the  Haps  of  Lancashire,  etc. 
Much  information  regarding  the  bonlder-clays  of  the  East  of  England  will  be  found  in 
pap^ta  by  Mr.  Bearles  Wood  Jan.,  QuarL  J  (mm.  GeoL  Soc,  vols.  xxi.  zxiii.  xxIt. 

2  z 
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too,  there  occur,  in  the  middle  and  upper  parts  of  the  boulder-ckj, 
numerous  lenticular  patches  of  sand,  gravel,  and  day,  in  which  marine 
shells  are  occasionally,  though  rarely  found.  There  is  also  a  difference 
between  these  upper  parts  of  the  boulder-clay  and  the  stiff  lower  till, 
already  described.  They  are,  on  the  whole,  more  loose  and  gravelly 
than  the  latter,  contain  a  greater  number  of  large  boulders,  show 
sometimes  a  rude  stratification,  indicate  a  longer  transport  of  their 
component  materials,  and  in  the  maritime  tracts  contain  fragmentair 
marine  shells.  We  may,  with  some  probability,  regard  these  clays  as 
really  a  continuation  of  the  stiff  lower  unfossiliferous  clay,  into  which 
they  certainly  pass,  and  from  which  it  is  often  quite  impoaaible  to 
distinguish  them.  They  may  have  been  formed  by  the  grinding  of  the 
same  ice-sheet  over  the  land  ;  but  they  will  then  indicate  for  us  those 
portions  of  the  great  grund-morUne,  which,  instead  of  accumulating  on 
or  close  to  the  land,  were  actually  pushed  by  the  advancing  ice  far  oat 
to  sea,  where  they  were  more  or  less  affected  by  marine  currents,  and 
sometimes  received  and  preserved  marine  organisms.* 

Between  the  upper  or  marine  parts  of  the  boulder-clay  and  the 
succeeding  glacial  deposits,  we  are  not  yet  able  to  draw  any  satisfac- 
tory line  of  demarcation,  or,  at  least,  to  speak  very  definitely  of  the 
geological  changes  by  which  the  former  were  succeeded  by  the  lat^ 
formations. 

8.  Upper  Bandy  and  Gravellj  Drift ;  Kamea  and  Eskers. — Over  a 
great  x)art  of  the  British  Islands  the  bouldeivclay  is  covered  by  masses 
of  sand  and  gravel,  spread  more  or  less  irregularly  over  the  sorface, 
and  rising  to  heights  of  more  than  2000  feet  in  Wales.  That  these 
gravels  are  of  marine  origin  may  be  inferred  from  their  wide  extent, 
and  theil*  position  on  the  tops  of  ridges  and  watersheds,  but  the  fact  is 
rendered  certain  by  the  occasional  occurrence  in  them  of  marine  Ehell& 
On  the  hill  called  Mod  Tryfaen,  near  the  Menai  Strait,  fifty-seven 
species  of  moUusca,  indicative  of  a  colder  climate  than  that  of  our 
present  seas,  have  been  met  with  in  the  sands  and  gmvels  of  the  drift 
of  that  region,  at  a  height  of  1300  feet  above  the  sea.t  In  Oh^iire 
and  other  adjacent  districts  marine  shells  have  been  traced  up  to  the 
height  of  1 200  feet,  and  near  Dublin  they  occur  at  a  similar  elevation4 

*  Tram.  OtdL  Soe.  CfUugow,  L  part  IL  p.  99. 

t  Bee  Trimmer,  Qwvrt,  Joum.  GtoL  Soc,  vol.  L  p.  33L  DttbUhlie,  Jfondbote-  FkH 
Soc  Proc.  m.  177. 

t  See  Harkness,  Geol  Mag.  1869,  p.  645.  Since  the  last  edition  of  thia  llanial  was  pab- 
lished,  marine  sheila  have  been  found  by  the  Rev.  MaxweU  H.  Close  in  sanda  and  grarcit 
at  heights  of  1000  and  1200  feet  above  the  sea.  Near  BaUyedmunduff  Hoase  QOOO  teetX  oa 
the  east  side  of  Three  Rock  Mountain,  he  obtained  Cyprina  Isiandica,  T%irriiMa  eomtmumU, 
0$tr«a  edulis,  Vemu  $triatula,  Jfodm  ttultorvm  (?),  Jfya  trunoata(fX  Pt^en  (small  species) : 
while  near  Calbeck  Castle,  on  the  w^st  side  of  the  same  mountabi,  at  a  height  of  1200  feet, 
he  found  Cyprina  Islandioa,  Mactra  ^tUtcrum,  and  Veniu  casina  (?X  along  with  chalk  ffista 
—{Ua.  note  ftunished  to  the  editor  by  Mr.  Close.] 
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The  marine  drifte  are  well  developed  in  Ireland,  and  a  brief  account 
of  their  occurrence  there  may  be  of  interest  to  the  student* 

"  The  centre  of  Ireland  is  chiefly  a  great  plain  of  Carboniferous 
limestone,  partly  surrounded  by  several  groups  of  lofty  hiUs,  composed 
of  the  older  rocks,  which  rise  from  beneath  the  limestone.  The  hills 
to  the  south  of  this  plain  have  every  height,  up  to  3000  feet  above  the 
sea.  Other  hills,  rising  to  heights  of  800  or  1000  feet,  are  com- 
posed of  Coal-measures  lying  on  the  limestone ;  these  are  surrounded 
hy  valleys  which  are  branches  of  the  limestone  plain.  The  general 
level  of  the  limestone  plain  is  from  100  to  300  feet  above  the  sea,  only 
a  few  isolated  hiUs  of  limestone  in  the  interior  of  the  country  rising  to 
as  much  as  500  or  600  feet. 

"  The  low  country  is  largely  covered  by  a  widely  spread  mass  of 
Drift,  consisting  of  dark  sandy  boulder^ay,  with  pebbles  and  blocks, 
and  occasional  beds  of  sand  and  gravel,  sometimes  very  regularly 
stratified. t  The  great  majority  of  the  pebbles  are  roimded  fragments 
of  Carboniferous  limestone,  whence  the  deposit  usually  goes  by  the 
name  of  the  Limestone-graveL  This  deposit  rests  not  only  on  the 
limestone,  but  sweeps  up  on  to  the  flanks  of  all  the  hills,  both  those 
which  are  made  of  the  lower  PalsDOzoic  rocks  and  those  formed  of  the 
Coal-measures.  In  each  case  the  limestone-gravel  becomes  largely 
mingled  with  detritus  of  the  rocks  of  which  the  hills  are  made,  and 
sometimes  to  such  an  extent  that  the  local  rocks  assume  a  decided  pre- 
ponderance, and  occasionally  compose  almost  the  whole  of  the  deposit 
The  limestone-gravel  is  found  in  considerable  abundance,  however,  and 
almost  entirely  composed  of  limestone  pebbles,  up  to  heights  of  1200 
feet  on  the  granite  mountains  south  of  Dublin. 31  Chalk  flints  and  pieces 
of  hard  Antrim  chalk  are  found  in  it  in  the  county  of  Dublin  up  to 
heights  of  1200  feet,  and  at  lower  elevations  along  the  whole  eastern 
and  southern  coast  of  Ireland,  at  least  as  far  as  Ballycotton  Bay,  on  the 
coast  of  Cork. 

"  A  widely-spread  mass  of  Umestone-gravel,  probably  not  less  than 
100  to  150  feet  thick,  forms  the  gently-swelling  tract  known  as  the 
Cuiragh  of  Kildare.  The  Coal-measure  hills  of  Castlecomer  coalfield 
have  the  limestone-gravel  on  their  flanks,  and  also  isolated  patches  of 
it,  with  blocks  of  limestone  of  a  foot  or  more  in  diameter,  in  hoUows 
on  the  top  of  the  table-land  at  heights  of  as  much  as  700  and  even 

*  This  account  of  the  Irish  Drifts  was  published  by  the  Author  in  the  last  edition.  It 
is  here  retained,  as  giving  a  faithftU  description  of  the  general  character  of  these  Drifts, 
tboogh  it  does  not  profess  to  discriminate  between  such  parts  of  the  series  as  may  be 
assigned  to  the  marine  conditions  of  the  earlier  or  bonlder-clay  period,  and  those  which 
are  referable  to  the  true  upper  sandy  and  gravelly  drift  of  Qreat  Britain. 

t  This  seems  to  be  the  equivalent  of  the  Scottish  till,  at  least  of  its  upper  parts. 

X  See  Explanation  of  Sheets  102  and  112,  Qeological  Survey  of  Ireland,  and  paper  by  Mr. 
EeUy  in  Joum.  Gtol  Soc  Dub.,  vol.  vi 
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1000  feet  above  the  sea.*  Other  spaces  at  lower  levels  are  qmte  ftee 
from  any  Drift,  and  it  is  doubtful  in  these  cases  whether  the  Drift  was 
deposited  in  local  patches  or  whether  it  once  formed  a  general  covering 
to  the  country,  and  has  since  been  in  part  removed  by  denudation. 

"  Limestone-gravel,  often  ¥dth  large  blocks,  which  are  picked  out  by 
the  farmers  and  burnt  for  lime,  is  found  high  up  on  the  northern  flanks 
of  all  the  hills  of  the  south  of  Ireland,  such  as  the  Enockmealdon,  the 
Oaltees,  the  Slieve  Bloom,  the  Keeper  group,  and  the  Slieve  Bemagfa 
and  Slieve  Boughta  hills.  In  some  cases  the  blocks  are  very  large. 
Mr.  O'Eelly  mentions  one  of  25  ft  x  15  ft.  x  5  on  the  Coal-measiires 
near  Killenaule.t  Mr.  Wynne  gives  a  sketch  of  one  21ft.x9ft.x7j 
resting  on  Silurian  slate,  at  a  height  of  890  feet,  near  MoneygalL}:  Mr. 
Du  Noyer  §  sketches  that  known  as  Cloghvorra,  near  Eenmaiey  which 
measures  26  ft.  x  16  ft.  x  15  ft,  and  rests  upon  Old  Red  Sandstone,  but 
may  be  derived  from  the  limestone  in  the  valley  below.  Others  are  to 
be  found  in  the  valley  under  Caherconreagh,  in  the  Dingle  promontory. 

*'  In  an  examination  of  Glenbarrow,  on  the  north  flank  of  the  Slieve 
Bloom  mountains,  with  Mr.  0*Kelly,  I  was  much  struck  witii  the  facts 
to  be  observed  respecting  the  Drift.  These  hills  are  composed  of 
Lower  Silurian  rocks  covered  by  Old  Red  Sandstone^  and  they  slope 
gently  down  from  heights  of  about  1600  feet  to  the  limestone  plain 
that  stretches  as  far  as  the  horizon  around  them  to  the  west  and  north, 
and  is  only  terminated  towards  the  east  by  the  Coal-measure  hills  of  the 
Castlecomer  coalfield,  distant  about  ten  miles.  All  the  valleys  of  the 
Slieve  Bloom  seem  once  to  have  been  completely  filled  with  the  great 
Drift  deposit,  rising  with  a  gentle  slope  from  the  plain  up  nearly  to  Uie 
heads  of  the  valleys.  The  present  rivers  have  excavated  channels  for 
themselves  either  through  this  Drift,  or  between  it  and  the  solid  rock, 
leaving  the  gently  sloping  surface  of  the  Drift  often  most  distinctly 
marked  along  the  flanks  of  the  more  abruptly  rising  hills  on  each  aide 
of  the  valleys.  II  In  some  cases  the  lower  part  of  the  drift  is  composed 
of  the  limestone-gravel,  which  is  however  very  clayey,  but  contains 
both  well-rounded  pebbles  and  subangular  blocks  of  limestone  in  great 
abundance.  Over  this  come  beds  of  fine  sand  and  gravel,  very  regu- 
larly stratified,  derived  apparently  from  the  local  rocks,  with  compara- 
tively little  limestone.     In  some  places  this  deposit  entirely  conceals 

*  See  Explanation  of  Sheets  1S8, 187,  and  IM  of  Geol.  Sorv.  Ireland. 

t  Explanation  146.  X  Explanation  186.  $  Explanation  1S«. 

II  This  appearance  is  general  In  Ireland  in  all  the  monntain  yalleys,  and  may  be  seen 
very  characteristically  in  Olenismaale  and  the  adjacent  valleys  near  Dublin.  The  steeper 
hills,  as  they  descend  into  the  valleys,  are  met  by  gently  sloping  plateanx  of  Drift,  forming 
inclined  plwes  fh)m  the  heads  of  the  valleys  towards  their  mouths,  these  inclined  planet 
seeming  once  to  have  stretched  continuously  across  the  valleys,  but  being  now  deeply 
trenched  by  the  ravines,  at  the  bottom  of  which  the  present  brooks  run.  They  have  no 
analogy  with  moraines,  and  in  Olenlsmaule  the  Drift  contains  fragments  of  sea-abdls  luar 
the  mouth  of  the  valley. 
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the  limestone  Drift  below,  except  where  the  brooks  cut  deeply  down 
into  it.  In  other  cases  the  lower  part  of  the  Drift  is  formed  of  the 
local  rocks,  and  the  limestone  Drift  occurs  over  it.  One  long  escarp- 
ment of  Drift  in  Glenbarrow,  where  the  river  is  at  a  height  of  about 
800  feet  above  the  sea,  and  three  or  four  miles  from  the  limestone  plain, 
shows  clifis  of  Drift  120  feet  high,  all  regularly  stratified,  the  upper 
fifty  feet  consLsting  of  coarse  Drift  with  limestone  boulders,  imder- 
neath  which  are  beds,  about  20  feet  thick,  of  very  fine  laminated 
sand,  and  below  that  coarse  rubbly  Drift  of  sand  and  fragments,  with 
angular  blocks  of  Old  Red  Sandstone  three  feet  in  diameter.  The  rock 
below  the  Drift  is  Old  Bed  Sandstone,  which  seems  to  have  suffered 
considerable  erosion  and  local  decomposition  before  the  limestone  Drift 
was  brought  into  the  valley.  The  escarpment  of  the  Drift  is  a  nearly 
vertical  cliff,  being  continually  undermined  by  the  river,  which  seems 
to  have  cut  down  along  the  sloping  surface  of  the  solid  rock  forming 
the  opposite  side  of  the  valley  deeper  and  deeper  into  the  Drift,  and 
to  be  now  working  slowly  to  clear  its  old  valley  of  this  recent  deposit. 
I  saw  limestone  blocks  both  in  the  Drift  and  loose  in  the  river-bed^ 
up  to  heights  of  1260  feet  in  this  glen ;  and  Mr.  O'Kelly  assured  me 
that  he  found  small  pieces  of  limestone  and  fragments  of  black  chert^ 
such  as  is  found  only  in  the  limestone,  even  on  the  tops  of  the  hills^ 
above  the  level  of  any  other  Drift 

''  The  observed  facts  would  agree  well  with  the  supposition  that  the 
whole  country  had  been  once  covered  with  a  thick  deposit  of  Drift, 
which  rose  on  the  flanks  of  the  hills  to  a  much  greater  height  than  on 
the  low  ground,  and  to  a  still  greater  height,  perhaps,  in  the  valleys, 
which  would  catch  a  greater  quantity  of  it  As  the  coimtry  rose  above 
the  sea,  much  of  this  loose  superficial  deposit  would  be  removed  from 
the  outside  slopes  of  the  hills,  and  a  good  deal  would  be  carried  away 
from  the  plain,  especially  from  off  the  summits  of  the  lesser  outlying 
eminences  whidi  rise  from  that  plain.  The  part  of  the  Drift  which 
had  filled  the  bottoms  of  the  valleys  would  be  chiefly  left  in  them,  and 
is  only  now  in  process  of  removal  by  the  brooks  which  began  to  form 
as  the  ground  rose  again  above  the  sea,  and  which  have  ever  since  run 
down  these  valleys. 

"  Sea-shells  are  found  in  the  limestone-giavel  in  Qlenismaule,  near 
Dublin,  and  also  in  the  Dargle  valley,  and  in  the  valley  west  of  the 
Sugar  Loaf,  and  south  of  Enniskerry,  County  Wicklow,  up  at  heights 
ranging  from  500  or  600  up  to  1000  and  1200  feet  They  are  foimd 
in  greater  abundance  and  much  better  preservation  in  the  sands  and 
marls  which  overlie  (or  form  the  upper  part  of)  the  limestone-gravel 
through  the  lower  parts  of  the  county  of  Wexford.*     They  are  also  to 

*  See  Appendix  to  Edward  Forbes't  paper  on  Fanna  and  Flora  of  British  lalea,  Menu. 
UtcL  8wrv.f  voL  i. 
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be  fonnd  in  the  gravels  of  the  more  central  parts  of  Ireland,  as  at 
Ballymore  Eustace  in  Eildare,  as  I  am  informed  by  Mr.  R.  CallwelL 
Like  the  shells  of  the  drift  deposits  in  England,  they  are  almost  all  of 
existing  species,  generally  with  a  northern  or  Arctic  or  Boreal  fades. 
But  in  the  southern  part  of  Wexford,  Colonel  Sir  H.  James  fonneriy 
found  fragments  of  shells  {Nticula  CdtholdioBy  Fusus  contraritiSy  Twritdla 
incrasscUOy  and  a  Mitra  allied  to  a  Spanish  species)  which  make  it  pro- 
bable that  the  limit  of  the  northern  species  ran  thereabouts,  and  that 
the  Boreal  province  here  touched  on  the  Lusitanian  province  (so  to  , 
speak)  of  the  Glacial  period. 

"  That  the  superficial  deposits  now  described  were  formed  under  the 
sea,  notwithstanding  the  absence  of  sea-shells  from  the  greater  part  of 
them,  and  especially  their  upper  part,  I  have  not  the  slightest  doubt — 
a  conclusion  in  accordance  with  those  of  Professor  Ramsay  regarding 
the  Drift  of  North  Wales."* 

One  of  the  most  remarkable  features  of  the  upper  gravelly  and 
sandy  Drifts  is  the  way  in  which  these  deposits  are  often  heaped  into 
mounds  and  ridges,  which  sometimes  run  continuously  for  many  miles 
over  the  surface  of  the  country.  Such  ridges  are  known  as  Kames  in 
Scotland,  Eskers  in  Ireland,  and  Osar  in  Sweden.  These  remarkable 
outlines  are  not  due  to  mere  denudation,  but,  as  shown  by  the  extemsl 
structure  of  the  mounds,  have  usually  been  produced  at  the  same  time 
as  the  mass  of  the  sand  and  gravel  was  depo8ited.t 

'*  There  is  a  good  deal  of  interest  attached  to  the  external  form  of 
some  of  the  accumulations  of  Drift  in  Ireland.  The  depofdt  has  evi- 
dently been  in  many  places  modified  and  shaped  externally  by  the 
currents  of  the  water,  either  at  the  time  of  its  deposition  or  subse- 
quently. The  great  bank  of  Drift  near  Killamey,  and  its  removal 
round  the  Lower  Lake,  is  one  instance  of  this.  There  are,  however, 
other  conspicuous  instances  In  the  south  of  Ireland  where  the  general 
form  of  the  adjacent  high  lands  has  evidently  some  connection  with 
the  present  external  form  of  the  Drift  deposits  in  the  low  lands  about 
them.  Huge  mounds  of  Drift  are  often  accumulated  in  a  bight  of  the 
hills,  especially  when  there  is  a  valley  leading  through  the  hills  at  the 
head  of  the  bight.  This  is  the  case  with  the  Drift  mounds  in  the  Kil- 
mastullagh  valley,  between  the  Arra  mountains  and  the  extension  of 
the  Silvermines  Hills  towards  O'Brien's  Bridge  ;  with  the  Drift  mounds 
near  Broadford,  in  the  north-west  bight  of  the  Slieve  Bemagh  range  ; 
and  with  the  Drift  mounds  near  Boscrea,  to  the  west  of  the  valley  be- 
tween the  south  end  of  the  Slieve  Bloom  hills,  and  the  north  extensioQ 
of  the  Devil's  Bit  range.    The  great  mounds  of  Drift  near  the  town  of 

•  Quart  Joum.  Geol  Soc,  voL  vill.  871. 

t  The  description  of  the  Irish  Eskers  which  follows  was  giTen.-by  Mr.  Jukes  in  the  Ust 
editior. 
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Tipperary,  and  those  of  the  Carragh  of  Kildare,  have  probably  also  a 
relation  to  the  adjacent  high  land. 

"  These  monnds  in  most  cases  probably  received  their  form  daring 
their  first  accumulation,  but  sometimes  the  surface  of  the  Drift  seems 
to  be  one  caused  by  subsequent  erosion.  In  one  conspicuous  instance, 
two  or  three  miles  north  of  Parsonstown,  which  I  visited  in  November 
1861  with  Mr.  A.  R  Wynne,  a  widely-spread  expanse  of  deep  hori- 
zontally stratified  limestone-gravel  appears  to  have  been  so  far  acted  on 
by  subsequent  denudation  as  to  have  now  an  abruptly  undulating  surface, 
consisting  of  small  mounds,  ridges,  and  valleys,  running  in  various 
directions  over  a  space  several  miles  in  length,  and  one  or  two  in  breadth. 
One  of  these  ridges,  however,  and  the  most  conspicuous  of  them,  formed 
a  long  Esker,  or  narrow  gently  undulating  bank^  some  fifty  feet  above  the 
surrounding  flat  country,  and  some  miles  in  length.  Such  Eskers  are 
very  numerous  in  Ireland  over  all  the  low  central  plain.  One  is  to  be 
seen  three  or  four  miles  to  the  west  of  Dublin,  running  from  the  banks 
of  the  Dodder,  past  the  old  castle  of  Tymon,  by  the  Green  Hills  toward^ 
the  valley  of  the  Liffey.  Others  are  marked  on  the  Geological  Survey 
mape  near  Stradbally,  in  the  Queen's  County,  near  Bagenalstown,  near 
Maryborough,  near  PhiUipstown,  and  in  several  other  places.* 

*^  The  general  form  of  an  Esker  is  that  of  a  long  bank  with  steep  sides, 
rising  to  a  height  of  from  20  to  70  feet  above  the  neighbouring  ground. 
It  is  sometimes  not  more  than  a  few  yards  wide  on  the  top,  but  at  other 
times  spreads  into  wider  mounds,  and  sometimes  sends  out  spurs,  or 
terminates  in  two  or  three  undulating  mounds.  The  broader  parts  of 
an  Esker  often  have  deep  circular  or  oval  hollows  in  them,  50  or  60 
yards  wide  at  the  top,  and  30  or  40  feet  deep,  without  any  outlet. 
Eskers  often  spring  insensibly  from  a  slope  at  the  foot  of  a  hill,  and 
stretch  with  a  gently  undulating  line  for  several  miles  across  the  flat 
country.  The  following  examples  will  illustrate  the  general  character 
of  the  Irish  Eskers. 

'^  The  Maryborough  Esker  commences  at  the  foot  of  the  Coal-measure 
hills  a  little  south  of  Maryborough,  and  runs  off  to  the  northward, 
unbroken  for  seven  miles,  to  near  Mount  Mellick.  It  is  then  interrupted 
by  a  gap  of  a  mile  and  a  half,  through  which  the  little  river  Ownass  flows, 
but  it  sets  on  again  in  the  same  line  for  another  mile  and  a  half,  beyond 
which  it  coalesces  with  some  irregular  gravel-mounds.  It  stretches 
obliquely  across  the  mouth  of  the  wide  open  valley  between  the  Coal- 
measure  hills  and  the  Slieve  Bloom  mountains.  It  does  not,  however, 
touch  the  latter,  but  sweeps  in  a  parallel  line  round  their  north-east 
comer.t 

*  Bee  Ezplanatioiu  of  Sheets  100, 101, 102,  111,  128, 144, 147,  IM,  156,  etc. 
t  The  country  people  about  Haryboronc^  afflnu  that  this  Esker  stretches  all  across 
Ireland.    Kr.  Wynne  was  told  that  an  Baker,  near  Boxrisokane,  a  long  way  to  the  west  of 
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**  The  Bagenalstown  Eaker  commences  on  the  limestone  flat,  but  runs 
from  that  on  to  the  granite,  ascending  a  gently  sloping  ridge,  which  is  120 
feet  higher  than  the  limestone  plain,  still  preserving  its  form  of  a  bank 
40  feet  high,  until  in  about  three  miles  it  gradually  spreads  into  low 
gravel-mounds,  and  becomes  lost  in  the  general  mass  of  the  drift  which 
there  covers  the  granite.* 

"  The  Eskers  are  often  opened  for  gravel-pits,  as  may  be  seen  at  the 
Green  Hills  near  Dublin,  and  the  arrangement  of  their  TnatAinalg  is  very 
curious.  Irregular  beds  of  large  blocks,  or  of  small  pebbles,  or  of  tht 
finest  sand,  are  arranged  one  over  the  other,  generally  witb  a  rode 
attempt  at  conforming  to  the  external  slopes  of  ike  ridge,  but  not  preserv- 
ing for  any  distance  either  their  thickness  or  inclination.  These  irregular 
beds  seem  to  have  been  formed  by  the  piling  action  of  two  opposing 
currents,  or  to  have  been  heaped  up  in  the  eddy  at  the  margin  <^ 
currents  running  in  different  directions.  Many  of  the  Eskers  were 
perhaps  similar  to  ^  harbour-bars  "t  in  their  mode  of  formation, 
and  may  be  directly  related  in  this  way  to  the  valleys  ronning  into 
the  neighbouring  hills,  which  must,  of  course,  have  formed  bays  or 
harbours  during  some  part  of  the  last  slow  rising  of  the  land  above 
the  sea.  Others,  however,  especially  those  numerous  ones  which 
run  in  various  directions  all  over  the  great  central  plain  of  Ireland, 
can  only  have  been  formed  in  the  open  sea  by  t^e  action  of  different 
currents,  as  that  sea  became  shallow  in  consequence  of  the  elevation 
of  its  bed. 

**The  Eskers  of  the  plains  are  often  associated  with  the  bogs, 
either  running  in  lines  between  two  large  bogs,  or  partially  or 
entirely  surrounding  flat  spaces,  which  appear  to  have  been  converted 
into  bogs  in  consequence  of  the  Eskers  having  at  one  time  retarded, 
and  perhaps  still  retarding  in  some  places,  the  drainage  of  the  countxy, 
the  superfluous  water  soaking  through  the  porous  base  of  the  Eaker 
instead  of  making  a  regular  brook  or  river-channel  for  itself  ta  run 
off  by." 

The  Kames  of  Scotland  resemble  in  aU  essential  particulaiB  &e 
Eskers  of  Ireland.  They  are  chiefly  developed  in  the  broad  valley 
between  the  Highlands  and  the  Southern  Uplands,  being  espedallj  re- 

the  Slieve  Bloom  mount&iiis,  was  part  of  that  near  Maryborough.  These  atoiies  maj  be 
taken  as  evidence  of  the  similarity  of  the  Eskers  at  different  plaees,  and  their  freqneat 
occurrence  in  the  centre  of  Ireland.  Spme  of  them  seem  certainly  to  be  15  or  SO  mnm 
in  length,  if  we  allow  for  occasional  gaps  or  intermptions. 

•  Explanation  of  Sheets  147  and  157. 

t  An  excellent  example  of  an  old  harbour-bar  may  be  seen  at  the  Seven  Chorcbea,  is 
Coonty  Wicklow.  All  the  ruins  are  on  a  bank  of  Drift  stretching  across  the  main  Tmlley, 
and  formed  partly  of  the  detritus  trom  that  valley,  but  chiefly,  perhaps,  ttotn.  the  cvthcr 
8teei>er  and  narrower  valley,  which  must  at  one  time  have  emptied  its  drainage  into  tiie  oU 
harbour.  Just  about  this  point,  and  brought  down  the  detritus,  of  which  the  tidal  ciirr«nt» 
formed  the  bar. 
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markable  in  port  of  the  valley  of  the  Cljde  to  the  east  of  Lanark,  and 
also  in  that  of  the  Forth  near  Falkirk.* 

It  is  probable  that  the  Eskers  or  Karnes,  and  other  modifications  in 
the  external  form  of  the  Drift  deposits,  were  produced  during  the  rise 
of  the  old  sea-bed  into  dry  land.  It  is  also  probable  that  the  result  of 
that  elevation  was  a  widely-spread  plain,  something  like  what  Northern 
Siberia  now  is,  which  perhaps  connected  the  British  Islands  with  the 
Continent ;  and  that  ^e  English  Channel,  and  the  Irish  and  North 
Seas,  have  been  formed  by  the  erosive  action  of  the  Atlantic  eating 
into  the  lower  and  softer  parts  of  that  plain.  On  this  plain,  owing  to 
the  irregular  forms  in  which  the  Drift  was  left,  ^  many  lakes  were 
formed,  which  have  been  filled  up  with  lacustrine  deposits,  containing 
the  bones  of  such  animals  as  the  great  Irish  deer  {Cei'vtu  megaceros), 
and  others. 

4.  Srratio  Blooks. — ^Reference  has  been  made  to  the  large  blocks 
of  rock  found  in  some  of  the  boulder-clays  and  in  the  overlying 
gravelly  DrifL  There  occur,  however,  in  many  parts  of  the  British 
Islands,  large  ^  travelled  stones  (Erratic  blocks.  Erratics),  lying  on  the 
surface,  and  not  distinctly  connected  with  any  gravel  or  other  deposit. 
They  sometimes  rest  on  rock,  sometimes  on  boulder-day,  and  sometimes 
on  or  in  the  upper  sand  and  gravel  Drift.  They  probably  Ji)elong  to 
the  same  great  period  of  submergence  to  which  the  latter  part  of  the 
Drift  series  is  to  be  assigned,  their  transport  having  been  effected  on 
rafts  of  floating  ice,  by  which  they  were  borne  over  the  submerged 
hills  and  valleys,  sometimes  to  great  distances  from  the  ancient  shores 
whence  they  were  carried. 

As  the  main  mass  of  high  ground  in  our  islands  lies  to  the  north, 
the  prevailing  direction  of  transport  of  the  blocks  has  been  southward. 
Yet  each  isolated  area  of  elevated  land  formed  ^t  the  same  time  a 
centre  of  dispersion  from  which  the  stones  were  carried  outwards  in  all 
directions,  though  more  especially  towards  the  south.  The  Highlands 
and  Southern  Uplands  of  Scotland,  the  mountains  of  the  Lake  country, 
and  those  of  Wales,  existed  in  this  way  as  separate  centres,  from  which 
the  characteristic  rocks  of  each  district  were  dispersed.  Thus  blocks  of 
greywacke,  granite,  and  porphyrite,  have  been  carried  from  the  southern 
hills  of  Scotland  far  over  the  north  of  England.  "Others,  readily 
identifiable  with  rocks  existing  in  situ  in  Cumberland  and  Westmore- 
land, may  be  traced  in  enormous  abundance  through  Lancashire, 
Cheshire,  and  Shropshire,  gradually  dying  .away  in  Worcestershire  and 
Gloucestershire.  They  may  be  found  buried  in  the  boulder-clay,  as 
far  as  that  extends,  and  also  loose,  scattered  over  the  country,  on  the 
hill-tops  or  in  the  valleys,  and  spreading  high  up  the  flanks  of  the 

*  See  Oeikie,  Traru,  Geol  Soe.  GUugcw,  vol  i.  part  ii  p.  IIS.   Milne  Home  on  the  Estuary 
of  the  Forth,  187L 
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Welsh  mountains  on  the  one  Iiand,  and  on  the  flanks  of  the  Pennine 
chain  which  runs  from  Derbyshire  into  Scotland,  on  the  other.  Was- 
dale  Crag,  near  Shap,  is  formed  of  a  very  peculiar  porphjritic  granite, 
with  large  crystals  of  red  felspar ;  and  blocks  of  this,  together  wiUi 
many  other  kinds  of  rock,  have  been  carried  across  the  deep  Tale  of 
Eden  to  the  flanks  of  the  Pennine  chain,  and  even  across  it,  especially 
over  the  pass  of  Stanemoor,  which  is  1440  feet  above  the  sea,  but  is 
right  opposite  Wasdale  Crag.  Thence  they  have  been  distributed  over 
the  lower  parts  of  Durham,  and  down  the  Vale  of  York,  to  the  east 
coast  of  England.*  Phillips  mentions  also  a  curious  conglomerate, 
called  'brockran,*  lying  in  the  New  Red  or  Permian  rockB,  in  the 
bottom  of  the  vale  of  Eden,  blocks  of  which  have  also  been  lifted  up 
and  carried  over  Stanemoor."  t 

''  Although  the  prevailing  direction  of  transport  has  been  sontherij, 
examples  occur  both  in  the  north  and  centre  of  England,  of  Erratics 
which  have  travelled  in  an  opposite  direction.  Blocks  of  Cumberland 
rocks  have  been  carried  across  the  Solway  into  Scotland,  according  to 
Professor  Sedgwick,  and  blocks  of  the  Chamwood  Forest  rocks  in 
Leicestershire  may  be  seen  a  few  miles  to  the  north  of  the  forest, 
although  they  are  not  so  large,  so  numerous,  or  so  far  travelled,  as  thoee 
which  may  be  found  to  the  south  of  it 

*'  Many  excellent  illustrations  of  the  transport  of  erratic  blocks  are 
furnished  by  the  isolated  group  of  mountains  which  rise  upon  or  border 
the  great  plains  of  Ireland.  Thus,  the  elevated  tract  of  the  Leinster 
granite  sends  off  boulders  in  all  directions  except  the  north,  but 
chiefly  towards  the  south-east  In  the  Luggala  Glen,  running  partly 
between  the  granite  and  the  adjacent  rocks,  great  blocks  of  granite 
are  perched  by  hundreds  on  the  rugged  cliffs  of  mica-schist  on  the 
east  side  of  the  glen,  or  that  facing  the  granite,  and  are  strewed  over 
all  the  coimtry,  whether  on  the  hill-tops  or  in  the  valleys,  between 
the  granite  and  the  sea.  The  largest  of  these  blocks  which  I  ever 
measured  was  an  angular  block,  lying  in  a  field  a  little  below  Anna- 
golan  Bridge,  on  the  north  side  of  the  Vartry  river,  in  the  townland  (^ 
Boleynass  Upper.  It  measured  27  feet  in  length,  about  15  in  wid&, 
and  rose  1 1  feet  out  of  the  ground.  Its  circumference  was  82  feet 
It  rested  on  the  Cambrian  slates  and  grits,  at  a  distance  of  about  six 
miles  from  the  nearest  granite  in  sitUy  and  on  ground  having  a  height 
of  620  feet  above  the  sea.  Between  this  block  and  the  granite  hills  is 
the  deep  and  rugged  ravine  of  the  Anamoe  river,  the  high  ridge  which 
nms  down  from  Douce  Mountain  on  the  east  of  that  ravine,  and  the 
>vide  flat  of  the  Vartry  Valley  below  Roundwood.  Many  other  cuboidal 
and  angular  blocks,  measuring  fifteen  or  twenty  feet  in  the  side,  may 

•  PhlUips*  Manwa,  p.  4S2. 
t  The  paragntphf  within  inverted  commas  are  ttom  the  last  edition. 
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l)e  fbthid  on  neigbbonrmg  hills,  and  the  valleys  are  full  of  smaller 
rounded  booldeis.  Blocks  of  granite,  with  a  diameter  of  three  or  four 
feet,  rest  on  the  Cambrian  rocks  at  the  top  of  Bray  Head,  at  a  distance 
of  five  miles  from  the  nearest  granite  in  situ^  and  separated  from  it  by 
several  deep  valleys  (see  Fig.  96), 

"  The  granite  which  occupies,  according  to  Sir  B.  Griffith's  map,  so 
large  a  portion  of  ground  on  the  north  side  of  Galway  Bay,  is  easily 
recognisable,  inasmuch  as  it  contains  hornblende  instead  of  mica,  and 
has  large  crystals  of  pinkish  felspar,  and  is  therefore  porphyritic 
Blocks  of  it  may  be  found  scattered  over  all  the  country  to  the  south  of 
the  Bay,  through  Clare  and  Limerick,  and  the  adjacent  counties,  as  far 
south  as  Mallow,  in  the  County  Cork,  a  distance  of  about  a  hundred 
miles  in  a  straight  line.  Many  blocks,  of  two  or  three  feet  in  diameter, 
may  be  found  in  the  country  about  Nenagh,  and  on  both  flanks  of  the 
Slieve  Bloom  hills,  up  to  heights  of  1000  feet  above  the  sea.  Mr. 
O'Kelly  met  with  one  at  a  height  of  more  than  1000  feet,  about  six 
miles  K.W.  of  Mountrath,  from  which  a  large  piece  had  been  split  by 
wedges,  probably  to  make  gate-posts,  the  part  which  remained  measur- 
ing 10ft.x5ft.  x3ft.  The  Galway  granite  boulders,  indeed,  are 
numerous  as  far  as  the  northern  slopes  of  the  Galtee  mountains,  but 
do  not  seem  to  have  gone  beyond  the  high  grounds  which  stretch 
from  those  hills  towards  the  west,  nor,  so  far  as  I  am  aware,  are  they 
fonnd  in  the  neighbourhood  of  KUlamey.* 

'^  Mr.  CEelly  remarked  to  me  that  these  granite  boulders  were 
chiefly  on  the  surCace,  and  not  buried  in  the  Drift  " — an  observation 
which  applies  equally  well  to  the  large  travelled  stones  of  Scotland. 

*'  The  Limestone  gravel  of  the  centre  of  Ireland  seems  to  have 
been  arrested  by  the  east  and  west  ranges  of  mountains  and  high  land 
which  stretch  across  the  south  of  Ireland  from  Waterford  to  the  coast 
of  Keny,  as  the  Drift  in  the  southern  valleys  among  these  high  lands, 
and  in  the  lower  lands  to  the  south  of  them,  seems  to  be  chiefly  of 
local  origin,  though  great  mounds  and  local  accumulations  of  it  are  to 
be  found  in  some  places." 

5.  Stratified  Olays  with  Arotio  Shells— (the  Olyde  beds). — In  the 
estuaries  of  the  Clyde  and  Forth  the  boulder-clay  is  overlain  with  cer- 
tain stratified  clays  and  sands,  which  are  confined  to  the  coast  and  the 
immediately  adjacent  inland.  It  is  difficult  to  decide  what  is  the  exact 
place  of  these  deposits  in  relation  to  the  Sands  and  Gravels  already 
described.  The  evidence  at  present  obtained  makes  it  probable  that 
they  are  younger  than  the  last-named  parts  of  the  Drift  series.  They 
chiefly  consist  of  fine  clays,  sometimes  laminated,  sometimes  showing 
only  faint  traces  of  stratification,  and  sometimes  containing  water-worn 

*  See  the  heading  "  Drift,"  in  the  ExplaDations  of  the  Sheets  of  the  Geological  Survey 
Map  (tf  Ireland. 
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and  ice-striated  stones  and  bouldeis,  either  in  single  examples  or  scat- 
tered groups  and  bands.  In  these  respects  they  closely  resemble  the 
stratified  clays  which  occur  in  the  boulder-day,  so  closely  indeed  that 
they  might  be  supposed  to  be  in  reality  a  part  of  that  formation^  were 
they  not  found  resting  on  a  rough  denuded  surface  of  boulder-day. 
They  are  interesting  as  containing  an  abundant  marine  fauna,  foramini- 
fera,  Crustacea,  moUusca,  eta,  with  occasionally  the  bones  of  an  arctic 
spedes  of  seaL  The  general  character  of  the  fossils  indicates  a  more 
severe  climate  than  that  now  prevailing  in  our  seas.  Several  of  the 
shells,  such  as  Pecten  IdandicuSy  Tdlina  proxima,  and  Leda  trwteata, 
are  arctic  species,  and  though  the  great  majority  of  the  fossils  belong  to 
spedes  still  found  living  around  the  British  Idands,  the  characteristic- 
ally northern  forms  occur  proportionally  more  abundantly  in.  these 
glacial  depodts  than  they  do  in  our  present  seas,  while  they  often  show 
in  the  fossil  state  a  much  larger  size  and  greater  thickness  of  shell  than 
their  living  British  descendants  da*  These  facts,  taken  in  connection 
with  the  fossil  evidence  furnished  by  the  Crag  already  referred  to, 
afibrd  an  interesting  and  instructive  example  of  change  at  once  in  the 
forms  of  life  and  the  climate  of  the  British  region.  They  show  how  the 
gradual  refrigeration  of  the  climate  during  the  deposition  of  the  Cn^ 
reached  its  maximum  a  little  later,  during  the  formation  of  the  Northern 
Drift  or  Glacial  depodts. 

Edward  Forbes  showed  that  spedes  of  mollusca  which  inhabited  the 
British  seas  during  the  early  part  of  the  Pliocene  Period,  retreated  to  the 
south  before  the  cold  climate  which  afterwards  spread  gradually  from 
the  north,  and  that  they  then  became  inhabitants  of  the  Mediterranean 
and  adjacent  parts  of  the  Atlantic.  These  shells  are  found  fossil  in  the 
newer  Pliocene  depodts  of  those  regions,  but  many  of  them  are  not  now 
found  living  there,  having  returned  to  our  seas,  as  the  cold  influences 
retreated  more  and  more  to  the  north,  and  the  severity  of  the  rlimate 
became  modified.  Some  of  these  spedes,  however,  still  linger  in  certain 
localities  in  the  south,  a  remarkable  instance  being  the  discovery  by  Mr. 
MacAndrew  of  the  common  Red  Crag  shell,  Ftuus  contrarivay  stUl  living 
in  Vigo  Bay,  a  deep  fjord  on  the  coast  of  Spain,  together  with  a  com- 
plete colony  of  other  Celtic  species  within  the  Ludtanian  provinoe.t 
Forbes*8  Celtic  province  seems  to  have  come  into  existence  between  the 
Boreal  and  Lusitanian  provinces,  as  a  consequence  of  these  changes  of 
climate,  an  opening  having  been  made  between  the  two  which  has  been 
subsequently  occupied  by  that  peculiar  assemblage  of  spedes  to  which 
he  gave  the  name  of  Celtic 

*  For  infonnation  regarding  the  Clyde  beds,  see  the  collected  papers  of  Mr.  Smith  of 
Jordanhill,  on  "  Post-Pliocene  Geology,"  Glasgow,  1861 ;  the  paper  by  the  Editor  on  the 
''Bcottish  Drift"  already  cited,  and  papers  by  Mr.  Crosskey  and  others,  in  sabsequeat 
volomes  of  the  TraiuactUmt  of  the  Geological  Society  qfGlaegow. 

t  Edward  Forbes  on  NaL  Hitt.  European  Seas,  p.  109. 


GLACIAL  PEEIOD.  717 

6.  Higher  Baised  Beaches. — ^During  the  re-elevation  of  the  land 
there  were  panses  when  the  upward  movement  either  ceased  altogether 
or  became  so  slow  that  the  sea  had  time  to  form  beaches  and  cut 
terraces  along  the  coast-line.  Such  beaches  and  terraces  would  thus 
remain  to  mark  successive  sea-margins,  becoming  necessarily  fainter  and 
more  obliterated  in  proportion  to  their  height,  and  consequently  to 
their  antiquity.  These  up-raised  beaches  consist  of  accumulations  of 
sand  and  gravel,  forming  more  or  less  continuous  level  shelves  or 
terraces  along  the  slopes  of  hills.  Sometimes,  instead  of  depositing 
these  materials,  the  sea,  aided  probably  by  drift-ice,  has  cut  a  notch 
or  terrace  out  of  the  Drift,  or  even  out  of  solid  rock.  Such  lines 
of  ancient  sea-margin  are  found  at  various  intervals  up  to  a  height 
of  1200  feet  or  more  above  the  sea.  Those  at  the  highest  levels 
are  of  course  the  most  ancient,  and  each  of  the  succeeding  lower 
terraces  marks  a  stage  in  the  gradual  re-elevation  of  the  country. 
They  probably  all  belong  to  the  glacial  period,  except  those  at  a  lower 
level  than  about  forty  feet  above  the  sea.  The  latter  date  from  times 
long  after  the  final  disappearance  of  glaciers  in  Britain.* 

7.  Traces  of  Valley-Olaoiers. — After  the  re-elevation  of  the 
country  the  climate  still  continued  severe  enough  to  retain  much  snow 
and  ice  in  the  more  hilly  tracts.  Each  group  of  mountains  thus  gave 
rise  to  glaciers,  which  descended  in  some  cases  even  to  the  sea-level 
when  that  level  was  about  forty  feet  higher  relatively  to  the  land  than 
it  is  now.  In  North  Wales,  the  Lake  District,  the  Southern  Uplands, 
and  the  Highlands  of  Scotland,  there  were  numerous  glaciers  which  de- 
scended along  the  main  valleys  in  all  directions  from  each  mass  of  high 
g^imd.  So  great  indeed  was  the  cold,  that  even  small  islands,  where 
the  snow-fields  never  could  have  been  other  than  of  very  limited  extent, 
nourished  their  independent  glaciers.  Beautiful  illustrations  are  fur- 
nished by  the  islands  of  Arran,  Mull,  and  Skye.  The  evidence  for  the 
existence  of  these  valley-glaciers  may  be  described  under  four  aspects : — 

1.  Ice-wcm  Bock9. — The  sides  and  bottoms  of  the  valleys  which  have 
been  occupied  by  the  glaciers  are  well  smoothed  and  striated,  abounding 
in  roches  moiUonnSes,  and  the  usual  characteristic  forms  of  ice-sculpture. 
These  markings  would  not  of  course  of  themselves  be  enough  to  estab- 
lish the  fact  of  the  former  existence  of  valley-glaciers,  as  distinct  from 
the  great  original  ice-sheet ;  but  their  freshness  and  abundance,  and  often 
their  comparative  freedom  from  superficial  detritus,  when  taken  in  con- 
nection with  the  following  evidence,  indicate  that  the  markings  were  left 
by  valley-glaciers. 

2.  Tlie  boulder-clays,  sands,  gravels,  or  other  Drift  of  the  earlier 
parts  of  the  Glacier  Period  have  been  wholly  or  partially  scoured  out 

*  See  R  Chambers's  Ancient  Sea-Margins,  1848»  and  Tracings  <4  (Ae  TiTortA  o/  Ewrvpe^ 
1860 ;  JamiesoD,  Quart  Jcfwm,  GtoL  Soc,  yoL  xxi. 
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of  die  valleys,  where  these  last  glaciers  existed.*  This  is  well  seen  at 
the  Pass  of  Llanberis  and  other  valleys  in  North  Wales,  where  the 
glaciers  have  ground  and  polished  the  sides  and  bottom  of  the  glens, 
ploughing  out  the  marine  Drift  which  must  onoe  have  fiUed  these 
hollows,  and  which  still  rises  on  the  mountidn  slopes  of  that  r^on  to  a 
height  of  more  then  2000  feet  over  the  sea. 

3.  Perched  Blocks, — On  the  ice-worn  knobs  and  hummocks  of  rod^ 
in  the  valleys  which  have  been  traversed  by  the  later  glaciers,  laige 
fragments  of  rock  have  been  left  These  are  precisely  analogous  to  the 
hloc8  perchis  or  perched  blocks  of  the  Swiss  valleys.  They  belong  to 
rocks  which  are  found  in  places  higher  up  in  the  hiUs,  and  they  have 
been  carried  down  on  the  surface  of  the  glaciers,  and  stranded  in  their 
present  sites,  as  the  ice  which  carried  them  melted  away.  It  is  dear 
that  such  poised  stones  could  not  have  remained  in  their  precarious 
position  during  the  submergence  and  re-elevation  of  the  laud,  but  must 
have  been  laid  down  where  we  now  find  them,  by  glaciers  which  existed 
after  the  land  had  re-emerged. 

4.  Moraines. — But  the  most  abundant,  and  perhaps  convindng 
proof  of  the  existence  of  these  later  glaciers  is  furnished  by  the  numer- 
ous and  well-preserved  moraines  which  they  have  left  behind  them. 
Huge  mounds  of  rubbish  are  found  running  in  rudely  curving  hone- 
shoe-shaped  lines  across  the  valleys.  Blocks  of  rock  of  all  sizes,  up  to 
masses  as  large  as  a  cottage,  are  strewn  over  the  siunmits  and  aides  of 
these  ridges  and  hummocks.  Between  the  mounds  little  hollows  often 
enclose  ponds  or  tarns,  while  sometimes  the  mass  of  moraine-stuff  thrown 
across  a  valley  has  been  enough  to  dam  back  the  drainage  and  give  rise 
to  a  lake.t 

With  the  evidence  furnished  by  the  relics  of  the  vaUey-gladers, 
the  records  of  the  Glacial  Period  in  Britain  dose.  From  the  tkoe 
when  the  land  began  to  appear  again  from  under  the  sea,  the  climate, 
though  subject  perhaps  to  alternations, .  was  on  the  whole  becoming 
milder.  The  amelioration  advanced  until  the  last  snow-field  and 
glacier  finally  disappeared  This  change  of  temperature  told  im- 
portantly upon  the  fauna  and  flora  of  our  area.  The  characteristicallv 
arctic  forms — ^the  woolly  elephant  and  woolly  rhinoceros,  the  musk- 
sheep  and  the  reindeer — either  died  out  altogether  or  retreated  to  more 
northern  latitudes,  where  they  could  still  enjoy  their  congenial  climate. 
The  Alpine  plants  which  had  covered  the  country  were  driven  away 
from  the  lower  grounds  with  the  gradual  increase  of  temperature,  which, 
while  proving  unfavourable  to  them,  permitted  the  flora  of  more  southeni 
districts  to  extend  farther  north.    The  plants  of  our  mountain  sides  and 

•  See  Ramsay,  In  his  works  already  cited. 

t  For  an  account  of  the  later  gladers  oi  Britain  see  the  works  quoted  in  footnote  on  pL  70S 
Also  J.  D.  Forbes,  Edin.  New  PhU.  Joum.,  xl.  76;  R.  Chambers,  op.  ciL,  New  Series,  ii  IM. 
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tops  are  thus  the  descendants,  and  slowly  diminishing  representatives,  of 

the  northern  vegetation  which  formerly  spread  over  the  lower  grounds  of 

Britain.* 

Characteristic  Fossils  of  the  Glacial  Deposits, 

DesmidiaB,  several  species. 

Diatomace®,  81  species  found  in  a  fresh-water  deposit  in  the 

houlderK^lay  at  Crofthead,  Renfrewshire. 
Mosses,  as  Hypnum  tamariscum. 
Ranunculus  aquatilis,  Galium  palustre,  Pedicularis  palustris, 

Scirpus  lacustris,  Potamogeton  luoens. 
Twigs,  leaves,  etc,  of  hirch,  oak,  hazel,  Scotch  fir,  etc     The 

above  fossils  indicate  terrestrial  and  fresh-water  conditions, 

and  they  are  found  in  the  stratified  beds  in  the  lower  till. 

In  the  marine  glacial  deposits  Nullipora  polymorpha  occurs. 
Clionia  celata. 

Quinqueioculina  seminulum. 
Lagena  levis. 
Polystomella  striato-punctata. 
Globigerina  bulloides. 
Comuspira  foliacea. 
BryosuM  .     .     .     Lepralia  Peachii 

Crisia  ebumea. 
Hippothoa  catenularia. 
Echinus  Drobachiensis. 
Haploaster  gracilis. 
Balanus  porcatus. 

balanoides. 

crenatus. 


Amorphozoa .     . 
Foram%nifera\  . 


Echinodermata  . 
Cirrhipedia  .     . 


C<mch\fera    .    . 


Saxicava  rugosa. 

Arctica. 

Mya  truncata. 
Panopeea  Norvegica. 
Thracia  myopsis. 
Tellina  calcarea  (proxima). 
Cyprina  Islandica. 
Astarte  sulcata. 


Oasteropoda .     . 


compressa. 

borealis. 

Cardium  fasciatum. 
Mytilus  edulis. 
Nucula  nucleus. 
Leda  pygmea. 

pemula. 

Pecten  Islandicus. 
Littorina  littorea. 

mdis. 

Rissoa  parva. 
Buccinum  Groenlandicum. 
Natica  affinis. 
Trophon  clathratus. 
Fusus  antiquus. 


*  Bee  on  this  subject  the  classic  essay  of  Edward  Forbes,  Men.  Geol.  Survey^  vol  L 
i  Bee  papers  in  Tram,  GeoL  Soc  Okugow,  by  Messrs.  Crosskey  and  Robertson. 
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Pisces     .     .     .     y  ertebne  of  several  species. 
Mammalia   .     .     Oervus  tanndtB  (reindeer). 

— ^—  alces  (?). 

Megaoeros  Hibemicus. 

Bos  prlmigenius. 

Elephas  primigenitis. 

Rhinoceros  tichorhinos. 

Foreign  Localities. 

The  Glacial  Period  appears  to  have  left  over  the  north  of  Eorope  and  America 
tracer  of  its  passage  similar  ta  those  of  our  own  area  already  described. 

Northern  Europe, — ^The  description  of  the  glacial  phenoroena  of  the  BiU»}i 
Islands  will  generally  serve  also  for  those  of  Northern  Europe.  The  snrfue  of 
Scandinavia  and  Finland  shows  everywhere  the  flowing  outlines  and  tb« 
systematic  striation  so  characteristic  of  ice-action.  The  present  g^acien  cf 
Norway  are  but  the  shrunk  remnants  of  the  vast  ice-sheets  which  once  covered 
the  country,  and  extended  southwards  over  what  is  now  the  Baltia  The  plai&s 
of  Germany  are  strewed  with  fragments  of  the  rocks  of  Scandinavia,  some  of 
them  as  big  as  cottages.  These  have  been  carried  by  ice  either  on  the  snifaoe 
of  what  must  have  been  then  a  continental  glacier,  or  on  bergs  which  broke 
off  from  the  seaward  ends  of  that  ice-sheet  This  Northern  Drift  is  limited  by 
a  singularly  tortuous  line,  which  runs  from  the  Tcheskaian  Gulf  (east  of  the 
White  Sea),  south  towards  the  Ural  mountains,  but  is  then  deflected  bsdE,  n^ 
undulates  boldly  through  the  centre  of  Russia,  to  the  foot  of  the  Carpsthiia 
mountains,  marking  probably  the  limit  of  the  Northern  Sea  during  the  tise 
when  the  blocks  were  being  transported.  Its  farthest  point  south  is  about 
Cracow,  latitude  50^,  and  it  runs  thence  along  the  northern  foot  of  the 
highlands  of  Bohemia  and  Saxony,  and  the  Hartz  mountains,  to  the  plains  d 
Holland  about  the  Zuyder  Zee,  and  thence  across  the  south  of  Bn^and,  up  the 
valley  of  the  Thames,  to  the  mouth  of  the  Severn,  in  the  Bristol  ChanneL* 

The  Alps  and  Smtzerland, — In  the  centre  of  Europe  the  mountains  d 
Switzerland  and  the  ■  Tyrol  have  preserved  some  portions  of  the  fresh  snow&id« 
of  the  Glacial  Period  ;  for,  large  as  the  existing  glaciers  are,  they  must  once  hare 
been  vastly  more  extensive,  both  in  thickness  and  in  length.  TMs  is  proved  by 
the  ice-marks  on  the  rocks  traceable  to  heights  far  above  the  present  readi  cl 
the  ice ;  also  by  the  abundant  and  sometimes  enormous  blocks  of  rock  foand 
stranded  on  the  Jura  mountains,  and  which  have  been  borne  from  the  diffenss 
parts  of  the  central  Alps,  each  valley  cairjring  blocks  from  the  rocks  near  its 
source.  These  blocks  are  now  recognised  to  have  been  transported,  not  bj 
icebei^,  but  by  the  ancient  glaciers,  which  extended  across  the  middle  lake 
district  of  Switzerland,  over  the  soft  accumulations  of  the  Molasse,  and  abutted 
on  the  slopes  of  the  Jura. 

India. — From  Dr.  Hooker*s  Himalayan  Journals,  it  appears  that  the'^aden 
of  the  Himalayan  mountains  were  in  like  manner  much  more  extensive  fdHTMrir 
than  they  are  now. 

North  America, — ^The  glaciation  of  the  northern  portion  of  the  America 
continent  bears  testimony,  like  that  of  Europe,  to  the  southward  movement  of  s 
vast  mass  of  polar  ice.  The  surface  of  the  land  has  been  smoothed  andT striated 
and  boulder-clays  and  other  glacial  deposits  have  been  formed,  down  at  least  as  fscr 
as  latitude  89^t 

*  See  Morchison'a  Ruma  and  the  Ural  ilourUains, 

t  For  infomiatioii  on  the  glacial  phenomena  of  North  America  see  Logan*s  Gtokff  tf 
Canada;  Ramsay,  Quart,  Joum.  Geol.  Soc,  xv.  p.  200;  Bigsby,  op.  ciL,  rVL  p.  fl5; 
Hector,  op.  cU.  xvli. ;  Agassfz,  AOantic  Monthly;  Dana's  Manual,  p.  6S«. 
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Cause  of  thb  Cold  of  the  Glaciaii  Period. 

From  the  facts  now  adduced  the  student  will  be  able  to  realise  the 
nature  of  the  evidence  from  which  it  is  known  that  a  cold  or  glacial 
climate  prevailed  over  the  northern  hemisphere  at  a  comparatively 
recent  geological  period.  It  has  been  reserved  for  this  part  of  the 
Manual  to  offer  a  brief  explanation  of  the  physical  cause  which  seems 
moet  probably  to  have  produced  that  severity  of  temperature. 

Various  theories  have  been  advanced  to  account  for  the  remarkable 
climate  of  the  Qlacial  Period.  Some  of  these  endeavour  to  explain 
Hfe  phenomenon  by  reference  to  terrestrial  changes,  such  as  the  distri- 
bution of  land  and  sea,  it  being  assumed  that  elevation  of  land  about 
the  poles  would  cool  the  temperature  of  the  globe,  while  elevation  of 
land  round  the  equator  would  tend  to  raise  it.  The  universality  of  the 
change  of  temperature,  however,  the  absence  of  all  proof  of  any  such 
enormous  vicissitudes  in  physical  geography  as  such  theories  demand, 
and  the  growing  evidence  in  favour  of  the  existence  of  still  older 
glacial  periods  in  earlier  geological  time,  go  to  make  it  evident  that 
no  such  local  changes  produced  the  cold  climate,  but  that  the  origin 
of  that  climate  must  be  assigned  to  some  fai  more  general  and  perhaps 
r^ularly  recurring  cause.  * 

An  impression,  therefore,  has  long  prevailed  that  the  cold  of  the 
Qlacial  Period  was  not  due  to  mere  terrestrial  changes,  but  was  in  some 
way  or  other  the  result  of  cosmical  causes.  Setting  aside  the  untenable 
suggestion  that  cold  or  hot  climates  could  be  produced  by  the  passage  of 
the  earth  through  cool  or  warm  regions  of  space,  the  agency  which  most 
readily  suggests  itself  is  change  in  the  eccentricity  of  the  earth's  orbit. 
Bat  the  direct  effect  of  a  high  state  of  eccentricity,  as  shown  long  ago 
by  Sir  John  Herschel,t  is  to  produce  an  excessively  cold  winter  fol- 
lowed by  an  excessively  hot  summer  on  the  hemisphere  whose 
winter  occurs  in  aphelion,  and  an  equable  condition  of  climate 
on  the  opposite  hemisphere.  It  is  therefore  obvious  that  neither 
of  these  conditions  will  accoimt  for  the  cold  of  the  glacial  period. 
Besides,  whatever  may  be  the  deficiency  of  heat  resulting  from  the 
son's  greater  distance  during,  say,  the  winter  in  aphelion,  this  is  exactly 
compensated  by  the  greater  length  of  the  season,  so  that  both  hemi- 
spheres receive  exactly  equal  amounts  of  heat  Sir  John  Herschel  even 
maintains  that  this  principle  almost  neutralises  the  direct  effects  of 
eccentricity.  "  Were  it  not,"  he  says,  "  for  the  compensation  we  have 
jnst  described,  the  effect  would  be  to  exaggerate  the  difference  of 
smnmer  and  winter  in  the  southern  hemisphere,  and  to  moderate  it  in 
the  northern  ;  thus  producing  a  more  violent  alternation  of  climate  in 
the  one  hemisphere,  and  an  approach  to  perpetual  spring  in  the  other. 

"  See  Lyell't  PHneiplMqfGeolon*        *  Tfwu,  OtoL  Soc,  toL  ifi.  p.  S98  (Seeond  Seriee). 

3  A 
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As  it  is,  however,  no  such  inequality  subaiBtSy  but  an  equal  and  im- 
partial distribution  of  heat  and  light  is  accorded  to  both.***  A  gumkr 
opinion  was  afterwards  expressed  by  Arago,t  Hmnboldtyl  taid  otheis. 
Hence  it  became  a  settled  point  among  geologists  that  no  such  change 
of  climate  as  that  which  occurred  during  the  gladal  period  could  be  tiie 
result  of  change  of  eccentricity. 

About  eight  years  ago  Mr.  James  CroU  began  to  investigate  this 
subject,  and  he  hais  since  developed  his  views,  which  have  been  steadily 
gaining  acceptance.  It  occurred  to  him  that  although  a  high  state  of 
eccentricity  could  not  directly  produce  a  glacial  condition  of  things,  it 
might  nevertheless  do  so  indaicUy^  by  bringing  into  operation  physical 
agencies  which  would  lead  to  such  a  result  The  following  is  a  brief 
statement  of  the  way  in  which  he  supposes  change  of  eccentricity  to 
have  operated.  § 

\^  With  its  eccentricity  at  the  superior  limit,  and  the  winter 
occurring  in  the  aphelion,  the  earth  would  be  8,641,876  miles  fiuth^ 
from  the  sun  during  that  season  than  at  present  The  reducti<Hi  in  tiie 
amount  of  heat  received  firom  the  sun,  owing  to  his  increased  diatanee, 
would,  to  a  great  extent,  lower  the  winter  temperature.  In  temperate 
regions  the  greater  portion  of  the  moisture  of  tiie  air  ia  at  present  pre- 
cipitated in  the  form  of  rain,  and  the  very  small  portion  which  falls  as 
snow  disappears  in  the  course  of  a  few  weeks  at  most  But  in  tiie 
circumstances  under  consideration^  the  mean  winter  temperature  would 
be  lowered  so  much  below  the  freezing-point  that  what  now  falls  as 
rain  during  that  season  would  then  fall  as  snow.  But  this  is  not  all ; 
the  winters  would  then  not  only  be  colder  than  now,  but  they  would 
also  be  much  longer.  At  present  the  winters  are  neariy  d^t  days 
shorter  than  the  summers ;  but  with  the  eccentricity  at  its  superior 
limit  and  the  winter  solstice  in  aphelion,  the  length  of  the  winters 
would  exceed  that  of  the  summers  by  no  fewer  than  thirty-six  days. 
The  lowering  of  the  temperature  and  the  lengthening  of  ^e  winter 
would  both  tend  to  the  same  effect— viz.  to  increase  the  amount  of 
snow  accumulated  during  the  winter ;  for,  other  things  being  equals 
the  larger  the  snow-accumulating  period  the  greater  the  accomn- 
lation. 

<'  As  regards  the  absolute  amount  of  heat  received,  increaae  of  the 

*  Cahirna  Cyclopedia,  %  816 ;  OvUinet  cfA$trmumy,  %  SOa 

t  Bdin.  New  Phil.  /oum.  for  April  1884,  p.  234. 

t  ComuM,  vol.  It.  p.  469.    Bohn's  edition,  1858. 

i  This  abstract  is  enclosed  witliin  brackets,  and  has  been  kindly  ftmdsbed  to  aoe  tgr 
my  friend  Mr.  CroU  himsell  It  is  partly  taken  from  the  8d  part  of  his  paper  on  Oena 
Cnrrents,  PhiL  Mag.  for  1870,  with  some  additions  and  omissions.  The  following  an  the 
datesof  some  of  his  papers  on  this  snl^Ject,  arranged  in  the  way  best  suited  for  beingread>— 
FMUmpKioal  Magazine  for  May,  Angost,  November,  1868 ;  Febraaiy.  March,  October,  UTt ; 
October  1871 ;  Febraaiy  1867 ;  June  1867  (Supplement) ;  August  1864 ;  September  Idea 
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son's  distance  and  lengthening  of  the  winter  are  compensatory,  but  not 
so  in  regard  to  the  amount  of  snow  accumulated.  The  consequence  of 
this  state  of  things  would  be,  that,  at  the  commencement  of  the  short 
summer,  the  ground  would  be  covered  with  the  winter's  accumulation  of 
snow.  Again,  the  presence  of  so  much  snow  would  lower  the  summer 
temperature,  and  prevent,  to  a  great  extent,  the  melting  of  the  snow. 

^  There  are  three  separate  ways  whereby  accumulated  masses  of 
snow  and  ice  tend  to  lower  the  summer  temperature — viz. 

^  1st,  The  snow  and  ice  lower  the  temperature  by  means  of  direct 
radiation.  No  matter  what  the  intensity  of  the  sun's  rays  may  be, 
the  temperature  of  the  snow  and  ice  can  never  rise  above  32°.  Hence 
the  presence  of  the  snow  and  ice  tends,  by  direct  radiation,  to  lower 
the  temperature  of  all  surrounding  bodies  to  32^ 

**  In  Greenland,  a  country  covered  with  snow  and  ice,  the  pitch 
has  been  seen  to  melt  on  the  side  of  a  ship  exposed  to  the  direct  rays 
of  the  sun,  while,  at  the  same  time,  the  surrounding  air  was  far  below 
the  freezing-point*  A  similar  experience  has  been  recorded  by 
travellers  on  the  snow-fields  of  the  Alps.f  These  results,  surprising  as 
they  no  doubt  appear,  are  what  we  ought  to  expect  under  the  circum- 
stances. Perfectly  dry  air  seems  to  be  nearly  incapable  of  absorbing 
radiant  heat.  The  entire  radiation  passes  through  it  almost  without 
any  sensible  absorption.  Consequently,  the  pitch  on  the  side  of  the 
ship  may  be  melted,  or  the  bulb  of  the  thermometer  raised  to  a  high 
temperature,  by  the  direct  rays  of  the  sun,  while  the  surrounding  air 
remains  intensely  cold.  The  air  is  cooled  by  contact  with  the  snow- 
covered  ground,  but  is  not  heated  by  the  radiation  from  the  sun. 

'^  When  the  air  is  humid  and  charged  with  aqueous  vapour,  a  similar 
cooling  effect  also  takes  place,  but  in  a  slighdy  different  way.  Air 
charged  with  aqueous  vapour  is  a  good  absorber  of  radiant  heat,  but  it 
can  only  absorb  those  rays  which  agree  with  it  in  period.  It  so 
happens  that  rays  from  snow  and  ice  are,  of  all  others,  those  which  it 
absorbs  best  The  humid  air  will  absorb  the  total  radiation  from  the 
snow  and  ice,  but  it  wUl  allow  the  greater  part  of,  if  not  nearly  all,  the 
son's  rays  to  pass  xmabsorbed.  But  during  the  day,  when  the  sun  is 
shining,  the  radiation  from  the  snow  and  ice  to  the  air  is  negative — 
that  is,  the  snow  and  ice  cool  the  air  by  radiation.  The  result  is,  the 
air  is  cooled  by  radiation  from  the  snow  and  ice  (or  rather,  we  should 
say,  to  the  snow  and  ice)  more  rapidly  than  it  is  heated  by  the  sun ; 
and,  as  a  consequence,  in  a  country  like  Greenland,  covered  with  an  icy 
mantle,  the  temperature  of  the  air,  even  during  simmier,  never  rises 
moch  above  the  freezing-point  Were  it  not  for  the  ice,  the  summers  of 
North  Greenland,  owing  to  the  continuance  of  the  sun  above  the  horizon, 

*  ScOTMby*!  Arctic  Begiotu,  toL  iL  p.  379.    Daniell's  MeUorckgy,  vol.  iL  p.  123. 

t  Tyndall,  On  Heat,  article  3M. 
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would  be  as  warm  as  those  of  England ;  but,  instead  of  this,  the  Green- 
land summers  are  colder  than  our  winters.  Cover  India  with  an  ice- 
sheet,  and  its  summers  would  be  colder  than  those  of  England. 

"  2df  Another  cause  of  the  cooling  effect  is,  that  the  rays  whidi  &11 
on  snow  and  ice  are,  to  a  considerable  extent,  reflected  back  into 
space.  But  those  that  are  not  reflected,  but  absorbed,  do  not  raise  the 
temperature,  for  they  disappear  in  the  mechanical  work  of  melting  the 
ice.  No  matter  what  the  intensity  of  the  sun's  heat  may  be,  the  sur- 
face of  the  groimd  will  remain  permanently  at  32%  so  long  as  the  snow 
and  ice  continue  unmelted. 

'^  3^,  Snow  and  ice  lower  the  temperature  by  chilling  the  air  and 
condensing  the  vapour  into  thick  fogs.  The  great  strength  of  the  sun's 
rays  during  summer,  due  to  his  nearness  at  that  season,  would,  in  the 
first  place,  tend  to  produce  an  increased  amount  of  evaporation.  Bat 
the  presence  of  snow-clad  mountains  and  an  icy  sea  would  chill  the 
atmosphere  and  condense  the  vapour  into  thick  fogs.  The  thick  fogs 
and  cloudy  sky  would  effectually  prevent  the  sun's  rays  from  reaching 
the  earth,  and  the  consequence  would  be,  that  the  snow  would  remain 
xuimelted  during  the  entire  summer.  In  fact,  we  have  this  veiy  con- 
dition of  things  exemplified  in  some  of  the  islands  of  the  Southern 
Ocean  at  the  present  day.  Sandwich  Land,  which  is  in  the  same 
parallel  of  latitude  as  the  north  of  Scotland,  is  covered  with  ice  and 
snow  the  entire  summer.  And  in  the  island  of  South  Greoigia,  which 
is  in  the  same  parallel  as  the  centre  of  England,  the  perpetual  snow 
descends  to  the  very  sea-beach.  This  rigorous  condition  of  climate 
chiefly  results  from  the  rays  of  the  sun  being  intercepted  by  the  dense 
fogs  which  envelope  those  regions  during  the  entire  summer  ;  and  the 
fogs  again  are  due  to  the  air  being  chilled  by  the  presence  of  the  snow- 
clad  mountains,  and  the  immense  masses  of  floating  ice  which  come 
from  the  antarctic  seas.  The  reduction  of  the  sun's  heat  and  length- 
ening of  the  winter,  which  would  take  place  when  the  eccentri<^tj  is 
near  to  its  superior  limit  and  the  winter  in  aphelion,  would  in  this 
country  produce  a  state  of  things  perhaps  as  bad  as,  if  not  worse  than, 
that  which  at  present  exists  in  South  Georgia  and  South  Shetland. 

'^  But  there  is  one  cause,  above  all  others,  which  tended  to  produce 
the  glacial  climate — viz.  the  deflection  of  the  Gulf-stream  and  other 
ocean  currents.  A  high  condition  of  eccentricity  tends,  we  have  seen, 
to  produce  an  accumulation  of  snow  and  ice  on  the  hemisphere  whose 
winters  occur  in  aphelion.  The  accumulation  of  snow  in  turn  tends 
to  lower  the  summer  temperature,  cut  off  the  sun's  rays,  and  retard  the 
melting  of  the  snow.  In  short,  a  state  of  glaciation  is  produced  on 
that  hemisphere,  while  exactly  opposite  effects  take  place  on  the  other 
hemisphere,  which  has  its  winter  in  perihelion.  There  the  shortness 
of  the  winters  and  the  height  of  the  temperature,  owing  to  the  sun's 
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neameaSy  tend  to  prevent  the  accmnolation  of  snow.  The  general 
result  is  that  the  one  hemisphere  is  cooled  and  the  other  heated.  This 
state  of  things  now  brings  into  play  the  agencies  which  lead  to  the 
deflection  of  the  Qulf-stream  and  other  great  ocean  currents. 

**  Owing  to  the  great  difference  between  the  temperature  of  the 
equator  and  the  poles,  there  is  a  constant  flow  of  air  from  the  poles  to 
the  equator.  It  is  to  this  that  the  trade-winds  owe  their  existence. 
Now  as  the  strength  of  these  winds  will,  as  a  general  rule,  depend 
upon  the  difference  of  temperature  that  may  exist  between  the  equator 
and  higher  latitudes,  it  follows  that  the  trades  on  the  cold  hemisphere 
will  be  stronger  than  those  on  the  warm.  When  the  polar  and  tem- 
perate r^ons  of  the  one  hemisphere  are  covered  to  a  large  extent  with 
snow  and  ice,  the  air,  as  we  have  just  seen,  is  kept  almost  at  the 
freezing-point  during  both  summer  and  winter.  The  trades  on  that 
hemisphere  will  of  necessity  be  exceedingly  powerful ;  while,  on  the 
other  hemisphere,  where  there  is  comparatively  little  snow  and  ice,  and 
the  air  is  warm,  the  trades  will,  as  a  consequence,  be  weak.  Suppose 
now  the  northern  hemisphere  to  be  the  cold  one.  The  north-east  trade- 
winds  of  this  hemisphere  will  feur  exceed  in  strength  the  south-east 
trade-winds  of  the  southern  hemisphere.  The  median  line  between  the 
trades  will  consequently  lie  to  a  very  considerable  distance  to  the  south 
of  the  equator.  We  have  a  good  example  of  this  at  the  present  day. 
The  difference  of  temperature  between  the  two  hemispheres  at  present 
is  but  trifling  to  what  it  would  be  in  the  case  under  consideration ; 
yet  we  find  that  the  south-east  trades  of  the  Atlantic  blow  with  greater 
force  than  the  north-east  trades,  and  the  result  is  that  the  south-east 
trades  sometimes  extend  to  10^  or  15^  N.  lat,  whereas  the  north-east 
trades  seldom  blow  south  of  the  equator.  The  effect  of  the  northern 
trades  blowing  across  the  equator  to  a  great  distance  will  be  to  impel 
the  warm  water  of  the  tropics  over  into  the  Southern  Ocean.  But  this 
is  not  all ;  not  only  would  the  median  line  of  the  trades  be  shifted 
southwards,  but  the  great  equatorial  currents  of  the  globe  would  also 
be  shifted  southwards. 

"  Let  us  now  consider  how  this  would  affect  the  Qulf-stream.  The 
South  American  continent  is  shaped  somewhat  in  the  form  of  a  triangle, 
with  one  of  its  angular  comers,  called  Cape  St  Roque,  pointing  east- 
wards. The  equatorial  current  of  the  Atlantic  impinges  against  this 
comer ;  but  as  the  greater  portion  of  the  current  lies  a  little  to  the 
nordi  of  the  comer,  it  flows  westward  into  the  Qulf  of  Mexico  and 
forms  the  Qulf-stream.  A  considerable  portion  of  the  water,  however, 
strikes  the  land  to  the  south  of  the  Cape,  and  is  deflected  along  the 
shores  of  Brazil  into  the  Southern  Ocean,  formiug  what  is  known  as 
the  Brazilian  current 

**  Now  it  is  perfectly  obvious  that  the  shifting  of  the  equatorial  cur- 
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tent  of  the  AtLmtic  only  a  few  degrees  to  the  sooth  of  its  present  poei- 
tion — a  thing  which  woold  certainly  take  place  nnder  the  oonditioiiB 
which  we  have  been  detailing — wonld  tun  the  entire  cnrrent  into  the 
Brazilian  branch,  and  instead  of  flowing  chiefly  into  the  Golf  of 
Mexico,  as  at  present,  it  wonld  all  flow  into  the  Sonthem  Ocean,  and 
the  Golf-stream  woold  ecmseqoently  be  stopped.  The  stoppage  of  the 
Qolf-stream,  combined  with  all  those  canses  which  we  have  jost  been 
considering,  woold  place  Eorope  onder  a  glacial  condition,  while,  at  the 
same  time,  the  temperatore  of  the  Soothem  Ocean  woold,  in  conse- 
qoence  of  the  enoimoos  qoantity  of  warm  water  received,  have  its 
temperatore  (already  high  from  other  caoses)  raised  enormooaly. 

^  And  what  holds  troe  in  regard  to  the  corrents  of  the  Atkmtie, 
holds  also  troe,  thoo^  perhaps  not  to  the  same  ezt^it,  of  the  corrents 
of  the  Pacific 

^  The  following  will  perhaps  convey  some  idea  of  what  woold  be  the 
effdct  on  climate  were  the  Golf-stream  deflected  into  the  Sootheni 
Ocean: — 

''  Taking  the  breadth  of  the  Golf-stream  at  twenty-flve  miles,  its 
depth  at  1000  feet,  its  mean  velocity  at  foor  miles  an  hoor,  and  the 
temperatore  of  the  water,  when  it  leaves  the  Golf,  at  65**,  and  the 
retom  corrent  at  40^— certainly  a  moderate  estimate  both  as  regaidi 
volome  and  temperatore — ^it  has  been  shown*  that  the  qoantity  of 
heat  conveyed  into  the  Atlantic  by  this  stream  is  eqoal  to  one-foortii 
of  all  the  heat  received  from  the  son  by  that  ocean  from  the  tropic  of 
Cancer  to  the  Arctic  circle.  Were  the  Atlantic  deprived  of  a  qoantity 
of  heat  so  enormous,  what  woold  be  the  effect  on  the  climate  oi 
Eorope  ?  From  principles  explained  at  oonsideiable  length  in  the 
paper  jost  qooted,  it  is  proved  that,  were  it  not  for  the  Golf-stream 
and  otiier  corrents,  the  mean  temperatore  of  London  woold  be  40*^ 
lower  than  it  is  at  present. 

"  Bot  there  Ib  still  another  caose  which  most  be  noticed  : — ^A  strong 
ondercorrent  of  air  from  the  north  implies  an  eqoally  strong  upper 
corrent  to  the  north.  Now,  if  the  effect  of  the  ondercorrent  would  be 
to  impel  the  warm  water  at  the  eqoator  to  the  sooth,  the  effect  of  the 
opper  coirent  woold  be  to  cany  the  aqoeoos  vapoor  formed  at  the 
eqoator  to  the  north  ;  the  opper  corrent,  on  reaching  the  snow  and  iee 
of  temperate  regions,  woold  deposit  its  moistore  in  the  form  of  snow. 
Hence  it  is  probable  that,  notwithstanding  the  great  cold  of  the  facial 
period,  the  qoantity  of  snow  falling  in  the  northern  regions  would  be 
enormoos.  This  woold  be  particularly  the  case  doring  sommer,  when 
the  earth  woold  be  in  the  perihelion  and  the  heat  at  the  eqoator  great 
The  eqoator  woold  be  the  fomace  where  evaporation  woold  take  place, 
and  the  snow  and  ice  of  temperate  regions  woold  act  as  a  condenser. 

*  OioU,  Fhil  Mag.  for  Febraaiy  1870. 


GLACIAL  PEBIOD.  727 

'  ^  Sobmergenoe  of  Iiand  during  Olaolal  Period.— It  follows  ftom 
the  above  reasoning,  that  when  one  hemisphere  is  under  glaciation,  the 
otiier  will  be  enjoying  a  warm  and  equable  condition  of  climate.  As 
the  snow  and  ice  accumulate  in  the  one  hemisphere  they  melt  in  the 
other.  But  owing  to  the  precession  of  the  equinoxes,  the  glacial  con- 
ditions will  be  transferred  from  the  one  hemisphere  to  the  other  every 
ten  or  twelve  thousand  years.  Consequently,  the  long  glacial  period 
must  have  consisted  of  a  succession  of  cold  and  warm  intervals. 

'^  It  is  obvious  that  the  transference  of  the  ice  from  the  one  hemi- 
^here  to  the  other  would  displace  the  earth's  centre  of  gravity,  and 
thus,  as  a  consequence,  produce  oscillations  of  sea-leveL  Suppose  the 
quantity  of  ice  at  present  in  the  Southern  hemisphere  would  make  a 
^eet  1000  feet  thick,  extending  down  to,  say  latitude  60°,  which  is  by 
no  means  an  extravagant  supposition,  how  much  would  the  transfer- 
ence of  this  mass  from  the  Southern  hemisphere  to  the  Northern  raise 
the  level  of  the  ocean  in  the  Northern  hemisphere  ?  A  considerable 
amount  of  discussion  has  arisen  in  regard  to  the  method  of  determin- 
ing this  point.  The  method  which  I  have  adopted  (which  is  similar 
to  that  of  Adhemar,  with  the  exception  that  I  take  into  account  the 
effect  produced  by  the  displaced  water)  gives  about  80  feet  as  the  ex- 
tent of  rise  at  the  North  Pole.*  Mr.  Heath's  method  gives  a  rise  of 
128  feet  ;t  Archdeacon  Pratt's  method  gives  a  still  greater  rise  ;X 
while  Rev.  O.  Fisher  makes  the  rise  409  feet."§] 

ISvidenoe  of  Glacial  Conditions  in  Earlier  Geological  Periods. 
— If  the  cold  of  the  glacial  period  was  due  indirectly  to  the  vaiying 
states  of  eccentricity  of  the  earth's  orbit,  the  same  cause  must 
frequently  have  recurred  during  the  past  geological  history  of  the 
planet  We  ought  accordingly  to  expect  some  traces  of  earlier  glacial 
periods  among  the  various  geological  formations.  Before  Mr.  CroU 
pointed  out  from  theory  the  antecedent  probability  of  the  occurrence 
of  more  ancient  cold  periods.  Professor  Ramsay  had  called  attention 
to  certain  beds  of  breccia  which,  as  already  noticed,  appeared  to  him  to 
indicate  the  existence  of  ice-action  in  Britain  during  the  Permian 
period.  He  subsequently  noted  similar  evidence  in  the  Old  Red 
Sandstone,  and  suggested  that  some  conglomerates  and  breccias  in  the 
north-west  of  England  may  have  been  formed  under  conditions  similar 
to  those  which  existed  during  the  accumulation  of  the  more  recent 
boulder-clays.  II     The  more  ancient  the  deposit  the  less  likely  are  we 

•  Reader  for  2d  8epteml>er  1865.    PhU,  Mag.  tot  April  1866. 

t  PMl  Mag.  for  April  1866,  p.  828. 

t  PMl  Mag.  for  March  1666,  p.  172. 

f  Beader  for  10th  February  1866. 

I  Bee  Ramsay,  Quart.  Jcfwm.  Oeol  Soe.,  zi.  185.  See  also  Mr.  Comming's  HUtory  cf  th« 
ItU  <^  Man  (1648X  where  the  possible  glacial  origin  of  some  of  the  Old  Bed  Conglomerates 
was  flrst  soggested. 
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to  find  these  chunrteriiitic  ioe-etriatiotis  picecifed  upon  the  mdnded 
stonet.  Te^  from  the  inntinfyt  cited  bj  Mi;  Bamnj,  there  eeenis 
good  leason  to  believe  in  the  eaditenee  of  glacud  action  in  Bnfeua 
dnzing  tome  of  the  ptlsoxoic  periods.  Mr.  Godwin  Aneten  hii 
pointed  to  the  occmience  of  tniTelled  bonlden  in  the  dialk  of 
Crojdon,  and  raggeated  their  having  been  tiansported  hj  driii4ee. 
It  is  poanble,  however,  that  these  stray  eTsmples  migjit  have  been 
entangled  in  the  Toots  of  trees,  and  carried  oot  to  sea  with  the 
drift-wood.*  Again,  in  the  Miocene  rocks  of  the  north  of  Italy,  and 
in  the  Eocene  series  of  Switx^land,  large  erratics  are  found,  and  are 
regarded  as  evidence  that  gladers  and  icebergs  eziated  in  Ennqie 
part  of  at  least  two  of  the  Tertiary  periods.t 

*  Quart  Jcmm,  G^oL  Soe.,  xir. 
t  See  Lfell,  PrineipU$,  L  ch^.  x.,  and  antlMirtttet  there 


CHAPTER  XLII. 

HT7MAH   FBBIOP.* 

In  the  deposits  which  succeed  those  of  the  Glacial  Period  we  find 
the  first  traces  of  Man.  Whether  he  lived  in  Britain  while  the  cold 
was  still  intense  enough  to  nourish  glaciers  among  the  mountains  can- 
not yet  be  definitely  settled*  But  rude  works  of  art  have  been  met 
with  in  situations  suggestive  of  frozen  rivers  and  great  floods,  and  in 
conjunction  with  the  remains  of  animals  which  lived  during  the  Glacial 
Period,  and  which  have  long  since  been  extinct 

In  dealing  with  man  as  a  fossil  which  has  to  furnish  its  quota  of 
evidence  towards  the  history  of  life  upon  the  globe,  we  do  not  depend 
merely  upon  remains  of  his  organism  or  framework,  as  in  the  case  of 
the  other  members  of  the  animal  kingdom.  He  is./specially  a  '*  tool- 
making  animal,"  and  his  tools  or  other  objects  fashioned  by  him  are  as 
good  evidence  of  his  presence  as  his  bones  would  be.  Such  objects,  too, 
are  usually  much  more  numerous  and  more  durable  than  his  bones ; 
hence  they  are  far  more  likely  to  occur  as  fossils.  And  in  actual  fact 
it  is  chiefly  from  articles  of  human  workmanship,  and  not  from  relics 
of  the  human  skeleton,  that  the  early  history  of  man  has  to  be  com- 
piled. The  arrows  and  spear-heads  with  which  he  hunted  or  made  war, 
his  knives,  clubs,  stone-axes,  chisels,  needles,  and  such  like,  furnish  the 
materials  for  that  lustory.  These  various  objects  are  foimd  in  many 
dijfferent  situations,  imbedded  in  ancient  deposits,  just  as  other  animal 
remains  are.  They  must  be  treated  as  fosnlsy  and  according  to  the 
relative  antiquity  of  the  deposits  in  which  they  occur  must  their  chrono- 
logical classification  be  determined* 

The  oldest  works  of  art  yet  known  to  us  are  implements  of  stone 
— ^heads  for  clubs,  axes,  spears,  flint  knives,  and  other  objects  whose 
use  can  only  be  guessed  at.  A  gradation  can  be  traced  from  the  rough 
rude  character  of  those  in  the  oldest  deposits  down  to  the  neatly-trimmed 
and  polished  implements  found  in  later  formations.  These  last  are  suc- 
ceeded by  metid  tools,  first  of  bronze,  then  of  iron,  indicating  the 
gradual  advance  in  knowledge  attained  by  the  early  races.  A  classi- 
fication, based  on  this  order  of  succession,  has  been  proposed  by  the 
Danish  antiquaries,  and  very  generally  adopted — ^viz.  1.  The  Stone- 
Age  ;  2.  The  Bronze-Age  ;  3.  The  Iron- Age.     Further  research,  how- 

*  Be-wiitten  by  the  Editor. 
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ever,  has  shown  that  the  eo-called  Stone-Age  embraces  a  period  of  such 
great  duration,  that  while  man  continued  to  use  implements  of  stone, 
valleys  were  excavated,  the  general  surfiace  of  a  coimtrj  was  changed, 
climate  altered,  animalfl  became  extinct,  and  man  himself  advanced 
considerably  in  the  dexterity  with  which  he  could  fashion  his  tools. 
Hence  the  deposits  in  whidi  the  rude  implements  occur  are  termed 
PcUceolithic,  those  containing  the  less  uncouth  are  called  Ntolitkie^ 
Such  distinctions  are  no  doubt  to  some  extent  arbitrary.  We  find, 
for  instance,  that  stone  implements  continued  to  be  used  long  after  the 
introduction  of  metal  tools,  and  thus  that  the  ^ Stone- Age**  was  in 
some  cases  prolonged  even  to  the  '*  Iron-Age."  Nevertheless  these  dis- 
tinctions are  foimd  on  the  whole  to  agree  well  with  the  other  evidence, 
paleontological  and  physical,  as  to  ^e  relative  order  of  the  depositB 
to  which  they  are  applied. 

L  FALiBOUTHia — ^Under  this  title  will  be  described  the  oldest 
series  of  deposits  in  which  human  remains  have  been  found.t  It  is 
naturally  impossible,  however,  in  many  cases,  to  say  how  far  tiie 
various  deposits  thus  grouped  together  are  oontemporaneouSy  or  what  is 
the  true  chronological  order  among  them. 

1.  Oavem  Deposits. — The  formation  of  caverns  and  sobteEranesn 
tunnels  in  limestone  and  other  calcareous  rocks,  has  been  already 
explained.  X  These  cavities  have  frequentiy  served  as  receptacles  for 
the  bones  of  terrestrial  animals,  and  have  retained  the  remains  in  com- 
plete preservation.  There  are  several  ways  in  which  the  bones  mi^ 
have  been  introduced,  different  caves  showing  one  or  more  of  these 
modes  of  introduction,  (a.)  The  cave  was  in  some  cases  a  den,  into 
which  wHd  beasts  dragged  the  carcasses  of  their  prey,  and  where  they 
themselves  retired  to  die.  Such  was  the  well-known  cave  of  Kirkdale, 
in  Yorkshire,  from  which  the  bones  of  about  300  hyssnas  were  obtained, 
together  with  the  dung  of  the  same  animals,  and  with  the  broken  and 
gnawed  bones  of  elephants,  hippopotami,  rhinoceroses,  cave-beazs, 
wolves,  oxen,  hares,  etc.  Another  hyssna-den  has  been  described  by 
Mr.  Boyd  Dawkins  as  occurring  at  Wookey-Hole,  near  Wells.  He 
extracted  from  it  between  800  and  1000  bones  of  various  camivora, 
as  hywna,  wolf,  fox,  and  bear,  of  the  mammoth,  tichorhine  rhinoceros, 
reindeer,  Bob  pnmiffemMS,  Cervui  tMgacero8,  and  horse.  Every  one 
of  the  bones,  including  even  the  teeth,  bore  marks  of  having  been 
gnawed.  In  the  same  cave  human  implements  of  flint  and  burnt  bones 
were  found,  indicating  that  man  was  a  contemporary  of  these  animals. § 
((.)  In  other  cases  the  caverns  communicated  with  the  surfeuie  oi  the 

*  Tanns  proposed  by  Sir  J<^m  Lubbock  in  hit  Prehi$tOTio  Timet. 

t  Indading,  of  course,  depoeits  which  are  strictly  continuous  with  or  representatlf*  of 
those  containing  human  remains,  although  they  may  not  themselves  hare  yet  yialded  say 
traces  of  roan. 

t  AnU,  pp.  808,  894.  f  Boyd  Dawkins,  Quart  Jown.  GtU,Soc,  zriiL  ziz. 
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country,  owing  to  the  occasional  falling  in  of  the  roof,  and  fl-nimalg  have 
thus  tumbled  into  the  subtezranean  paasages  and  left  their  remains  there. 
(&)  Bnt  perhaps  the  most  common  mode  of  entombment  was  by  nnder- 
gronnd  streams.  It  has  been  already  mentioned  how  the  gradual 
solation  of  calcareous  rocks  under  ground  gives  rise  to  the  formation  of 
channels  in  which  rivers  are  sometimes  engulphed.*  The  rivers  have 
in  such  instances  swept  mud,  sand,  gravel,  and  the  remains  of  animals, 
into  the  winding  passages  and  chambers,  and  left  them  there  as  a 
deposit  on  the  floor.  Afterwards,  when  the  rivers,  by  some  other 
change,  no  longer  flowed  through  these  passages,  or  did  so  only  now 
and  then  in  floods,  stalactites  began  to  form  from  the  roofs,  and  the 
drop  of  water  on  the  floor  gave  rise  to  a  layer  of  hard  stalagmite,  which 
accumulated  over  the  bone-bearing  earth  or  loam  left  by  the  river  or 
flood.  If  the  growth  of  the  stalagmite  were  interrupted  by  occasional 
floods  carrying  new  loads  of  earthy  materials,  these  would  form  layers 
in  the  interrupted  deposit  of  stalagmite. 

That  man  was  a  contemporary  of  the  animals  whose  bones  are  now 
found  in  these  cavern  deposits,  is  shown  unequivocally,  by  the  occur- 
rence of  flint  knives  and  flakes  imbedded  along  with  the  remains  of 
these  animals  in  the  loam  or  earth  of  the  caves,  and  covered  with  an 
undisturbed  flow  of  stalagmite.  The  antiquity  of  the  deposits  is  shown 
partly  by  the  wide  difference  between  the  fauna  which  they  contain 
and  that  of  the  present  time,  many  of  the  animals  being  now  quite 
extinct,  and  partly  by  the  proofe  of  great  changes  in  the  physical  geo- 
graphy of  the  country  having  taken  place  since  the  time  when  these 
caverns  could  have  been  reached  by  any  flood.t 

From  the  cave-deposits  of  England  upwards  of  forty  species  of 
mammalia  have  been  recovered.  Among  these  may  be  mentioned 
man  (as  shown  by  worked  flints),  bear,  fox,  wolf,  cave-hyssna,  cave- 
lion,  Irish  elk,  reindeer,  wild  bull  or  urus,  bison,  hippopotamus,  wild 
boar,  horse,  rhinoceros,  and  mammoth. t 

2.  Iioesa  or  ancient  flood-deposits  of  the  Bliine  and  other  rivers. 
— ^When  a  river  is  in  flood  and  turbid  with  sediment,  it  deposits  a  fllm 
of  mud  over  those  flat  spaces  where  its  current  is  slowest  The  broad 
alluvial  tracts  on  each  side  of  the  stream  thus  receive  from  time  to 
time  additions  to  their  surface,  the  uniform  flatness  of  which  is  at  the 
same  time  preserved.  During  the  later  stages  of  the  Glacial  Period,  or 
the  earlier  stages  of  the  period  which  succeeded  it,  the  melting  of  the 
mow  and  ice  in  summer,  or  a  copious  rainfall,  or  both  causes  com- 

*  AnU,  p.  804. 

t  See  the  evidenoe  on  this  nil^ect  ooUeoted  1^  Sir  C.  Lyell  in  hif  woik  <)n  the  AnHquUff 
of  Man;  also  the  Reports  of  ihe  Committee  for  Exploring  Kent's  CKtem.— Brit.  Asaoe.  Rep, 
The  evidence  for  the  antiquity  of  tiie  human  race  is  fiuther  treated  of  .a  few  pages  fiuther 
on. 

}  See  Boyd  DawUns  on  British  Postglacial  Uammals,  ^Horf.  /oMm.  GtoL  8oe.,  zrr.  194. 
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bmed,  swelled  the  riyen  of  Central  and  Northern  Europe  to  a  sue 
much  greater  than  that  which  they  have  since  attained.  Abundantly 
charged  with  mud,  their  waters  rose  high  aboye  their  existing  channpjs, 
and  deposited  on  either  side  a  thick  deposit  of  flood-loam,  or,  as  it  k 
called  in  Germany,  loess.  The  loess  of  the  Rhine  is  in  some  jdaoei 
several  himdred  feet  in  thickness, — a  pale  yellow  calcareous  loam,  for 
the  most  part  unstratified,  and  containing  land  and  fresh-water  sfaeDa 
Dr.  Ami  Boa6  found  human  bones  under  70  or  80  feet  of  loeas  at 
Lahr,  opposite  Strasbuig. 

It  Ib  probable  that  in  the  case  of  the  Rhine,  Danube,  and  cAet 
large  rivers  rising  in  old  glacier  districts,  the  loess  was  really  glacial 
mud.  Professor  Suess,  indeed,  informed  the  Editor  that  he  had  found 
striated  pieces  of  Alpine  limestone  in  the  loess  of  the  Dannbe  at 
Vienna.  But  in  other  r^ons  where  no  glacier  can  have  sapjdied 
the  abundance  either  of  water  or  of  mud,  these  may  perhaps  be  attri- 
buted to  a  former  more  copious  rainfalL  It  has  been  proposed,  indeed, 
to  regard  the  Glacial  Period  as  having  been  followed  by  a  Rain  Period. 
In  the  valley  of  the  Thames,  for  instance,  the  ancient  flood-loam,  or 
*'  brick-earth "  as  it  Ib  called,  rises  high  above  the  present  bed  of  the 
river,  and  similar  brick-earths  are  found  on  slopes,  and  along  thdr 
base,  in  places  suggestive  rather  of  rain-action  on  the  general  suriaoe  of 
the  coimtry  than  of  the  work  of  any  stream.  In  the  brick-earths  of 
the  south-east  of  England,  remains  of  extinct  mammalia,  with  works 
of  human  fabrication,  are  found.  These  will  be  described  along  widi 
those  of  the  other  river  deposits. 

8.  Ancient  or  Higher  Valley  Qravels. — As  a  river  winds  from 
side  to  side  in  its  valley,  it  spreads  out  an  alluvial  deposit  of  sand, 
gravel,  and  silt,  which  extends  as  a  flat  tract  down  the  valley,  with  tiie 
river  meandering  through  it  By  degrees  the  river,  which  is  always 
deepening  its  channel,  cuts  through  its  own  alluvia,  and  leaves  frag- 
ments or  strips  of  them  on  either  side.  In  this  way  a  succession  of 
terraces  is  formed,  the  oldest  being  those  which  rise  highest  above  the 
stream.  These  terraces  of  sand  and  gravel  represent  former  ordinary 
levels  of  the  river.  They  are  sometimes  covered  with  a  coating  of 
brick-earth  or  loess,  showing  the  extent  of  former  floods,  by  which  mud 
was  spread  over  the  plain. 

In  the  older  gravels  of  the  north-west  of  France,  and  of  the  south- 
east of  England,  remains  of  extinct  mAmmftliA^  8uch  as  manunoth,  tieh- 
orhine  rhinoceros,  and  hippopotamus,  are  of  frequent  occurrence,  and 
with  them  are  sometimes  associated  characteristic  stone-implements 
fashioned  by  human  hands.* 

For  many  years  statements  had  been  made  as  to  the  occurrence  of 

*  The  succeeding  paragraphs,  descriptlye  of  the  discoreiy  of  flint  implements  i&  the 
older  vaUcy  gravels,  are  by  Mr.  Jukes,  and  appeared  in  the  last  ediUon  of  this  woric 
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Imman  remains  in  caves  and  other  places  associated  with  the  remains 
of  extinct  animals ;  and  also  that  Skeletons  of  the  megaceros  in  Ire- 
land,  and  of  the  mastodon  in  America,  had  been  found  bearing  the 
marks  of  wounds  inflicted  by  human  weapons.  There  was,  however, 
too  much  doubt  about  most  of  these  cases  for  geologists  to  accept  them 
88  conclusive  evidence  in  favour  of  the  contemporaneity  of  a  race  of 
men  with  the  older  extinct  animals.*  Man  digs,  and  may  therefore 
have  dug  up  fossil  bones,  or  buried  those  of  his  own  race ;  if  holes 
in  bones  were  really  the  result  of  woimds  received  during  life,  they  may 
have  been  made  by  homed  animals  in  fight,  or  by  hard  stakes  while 
the  living  animals  were  penetrating  thickets,  or  by  other  accidents. 
The  human  skeleton  foimd  fossil  in  the  Island  of  Quadaloupe,  and  now 
preserved  in  the  British  Museum,  is  enclosed  in  a  coral  rock  that  may 
be  of  quite  recent  origin,  since  similar  rock  is  formed  now  in  the  banks 
on  coral  reefs,  or  wherever  calcareous  grains  are  heaped  upon  coasts. 

Discoveries  have,  however,  been  made  within  the  last  ten  or  twelve 
years,  which  have  brought  the  results  of  human  workmanship  within 
the  scope  of  the  same  kind  of  evidence  as  that  on  which  the  geologist 
relies  in  all  his  other  deductions,  and  which  clearly  proves  the  work- 
men to  have  been  contemporaneous  with  the  Mammoth  and  other 
extinct  animals,  and  that  they  lived  at  a  time  when  the  physical  geo- 
graphy of  Northern  France  and  Southern  England  at  least  was  rather 
different  from  what  it  is  now.  The  earlier  of  these  discoveries  are 
excellently  described  by  Mr.  Pre8twich,t  and  by  Mr.  J.  Evans,  :^  from 
whose  papers  the  following  account  is  abstracted. 

In  1841  M.  Boucher  de  Perthes  of  Abbeville  found  the  first  flint 
implement  in  the  old  valley-gravels,  or  so-called  "  Drift  **  of  that  neigh- 
bourhood, and  published  an  account  of  his  discoveries  in  1847  and 
1857  ;  but  it  was  not  till  1859  that  his  work  attracted  the  notice  of 
geologists  in  general ;  and  the  French  localities  were  visited  by  Messrs. 
Prestwich  and  Evans,  from  whose  reports  they  were  afterwards  exa- 
mined by  Sir  C.  Lyell  and  by  MM.  Desnoyers  and  Hebert,  and  other 
most  competent  and  trustworthy  observers. 

The  river  Somme  now,  on  approaching  the  sea,  winds  through  a 

*  The  haman  skullfl  and  bones  described  by  Dr.  Schmerling^of  Liege,  in  1833,  as  found 
mingled  with  bones  of  many  extinct  animals,  in  ;a  caye  800  feet  above  the  Mease,  and  as 
being  in  the  same  state  as  to  fracture,  colour,  and  condition,  with  the  other  bones,  was 
justly  considered  a  strong  case  in  fayour  of  the  human  and  animal  bones  having  been  de- 
posited contemporaneously  by  natural  causes.  The  flint  implements  found  by  the  Rev.  Mr. 
M*Enery,  Roman  Catholic  clergyman  of  Torquay  (whose  name  all  geologists  were  familiar 
with  thirty  years  ago),  in  the  cave  called  Kent's  Hole,  seems  to  have  been  another  good  case 
in  proof.  Dr.  Fklconer  found  implements  associated  with  bones  of  extinct  animals  in  a 
oave  near  Palermo  in  Sicily.  MM.  Lund  and  Claussen,  in  like  manner,  found  human 
remains  associated  with  those  of  extinct  animals  in  the  caves  of  BraxU,  under  circumstances 
which  satisfied  tiiem  of  their  contemporaneous  existence. 

t  FJUUmpMeal  Trwu(uMon$,  I860,  Part  iL  ,     %  AnKcdologia,  voL  TXXviiL 
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valley  about  a  mile  in  width,  the  bottom  of  that  valley  having  alluvial 
flats  of  silt  and  peat ;  and  the  Chalk  hills  on  each  side  of  it  lising 
gently  up  to  heights  of  200  to  400  feet  above  the  sea,  hills  <^  500  or 
600  feet  being  only  met  with  in  the  interior  of  the  country.  Abbeville 
and  Amiens  are  both  on  this  river,  the  first  at  fourteen,  and  the  latter 
at  forty-one  miles  from  the  sea,  the  mean  level  of  the  river  being  60 
feet  at  Amiens  and  18  feet  at  Abbeville  above  the  mean  level  of  the 
side  at  St  Yaleiy,  at  the  mouth  of  the  river.  The  Chalk  hills  are 
covered  here  and  there  with  sands  and  gravels,  both  on  the  hi^ier 
grounds  and  on  the  slopes,  down  to  the  river  valley,  where  these  de- 
posits pass  under  the  silt  and  peat  of  the  alluvial  flats.*  The  sands 
and  gravels,  or  **  Drift**  as  they  were  formerly  called,  are  in  some  places 
20  or  30  feet  thick,  resting  on  an  uneven  eroded  surface  of  Chalk,  and 
lying  often  in  regular  layers  over  considerable  areas,  but,  like  all  sodi 
deposits,  variable  in  the  thickness  and  constitution  of  their  beds,  wbat 

lUflway 
Canioni.    R.  Somme.  catting.  8t  Aobenl. 

N.B.  t8.W. 

Fig.  IM. 

8«ctlon  aoroM  Valley  of  Somme,  near  Amlena,  redneed  from  Mr.  Prestwich's  seetkm 
{Phil.  Tr(iii«.>--Horiiontal  dietanoe  aboat  S  mOes. 

The  lower  part  of  this  aectlon^  in  chalk,  represented  \>y  the  horijuntal  strtAeo.  Ite 
dotted  portion  represents  the  "  drift,"  in  which  flint  implements  are  fonnd  associated  «ilh 
the  remains  of  extinct  mammalia,  and  with  recent  land  and  ftesh-water  ahdla»  and  oeea- 
sionaUy  some  marine  shells.  The  imdotted  beds  abore  that,  and  on  the  slope  of  the  dMlk 
at  CamoDs,  and  in  the  Talley  sonth-west  |of  the  hill  marked  810  feet,  are  the  brick-esvtk. 
The  upper  undotted  part  oa  the  flats  of  the  Somme  is  silt  and  peat 

places  a  mile  or  two  apart  are  compared  with  each  other.  Marine  shells 
are  found  in  them  at  some  places,  but  at  others  land  and  fresh-water 
shells,  of  the  same  species  for  the  most  part  as  now  inhabit  the  country, 
are  found  much  more  abimdantly  ;  teeth  and  tusks  of  the  Manunodi, 
remains  of  the  woolly  Rhinoceros,  and  other  extinct  animals,  also  oocnr, 
and  likewise  a  number  of  flints,  which  have  obviously  been  woxked 
into  parts  of  weapons  or  implements  by  the  hands  of  man. 

The  flint  implements  and  extinct  animal  remains  are  found  chi^ 
in  the  lower  parts  of  the  deposit,  often  under  more  than  20  feet  of  un- 
disturbed stratified  sand  and  gravel,  and  evidently  deposited  in  the 


*  The  term  ''Drift,"  used  in  the  earlier  papers  on  this  snldeot,  is  apt  to  lead  to  < 

with  the  yery  diflierent  glacial  drifts  already  described.  It  is  now  geneimllj  dlsMsd  ia 
favoarof  "  TaUey-gravels,"  **  ancient  riyer-grayels,"  "Ugh-lerel  grayels,"  or  soou  e^ii- 
yalent  eiqiression. 
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water  in  which  these  strata  were  laid  down.  They  occur  both  near 
Abbeville  and  Amiens,  at  various  heights,  up  to  90  feet  or  there- 
abouts, above  the  river,  often  beneath  ground  which  is  the  highest  in 
the  immediate  neighbourhood,  having  gentle  slopes  from  it  in  all 
directions.  It  is  therefore  impossible  with  the  present  outline  of  the 
country,  and  the  present  depth  of  the  river  valley,  and  relative  levels 
of  land  and  sea,  that  any  fresh- water  lake  or  river  could  have  existed 
over  the  spots,  and  yet  the  sands  and  gravels  have  evidently  been  de- 
posited beneath  fresh  water. 

The  following  is  a  section  of  one  of  the  gravel-pits  at  St  Acheul 
near  Amiens,  where  the  general  level  of  the  ground  is  149  feet  above 
the  sea,  and  89  *  feet  above  the  Somme.  This  ground  slopes  gently 
to  the  N JL  for  about  a  quarter  of  a  mile,  as  far  as  the  railway  cutting, 
and  then  more  steeply  to  the  flats  of  the  river.  To  the  south  of  St 
Acheul  it  is  not  commanded  by  any  higher  ground,  since  there  is  a 
hollow  between  it  and  the  foot  of  the  hills  to  the  southwani^See 

4.  Surface  soU 0    8 

8.  Brown  loam  in  four  beds,  some  of  them  slightly  calcareous, 
others  not  so  ;  a  few  naturally  formed  fragments  of  flint 
in  some  places  ;  no  organic  remains  or  flint  implements. 
This  is  the  Brick-earth 12    2 

2.  White  sand  and  marl,  with  a  few  large  subangular  flints  or 
blocks  of  sandstone,  etc — {Land  and  fresh^waier  shells 
eomnwn;  some  Mammalian  remains  ;  JUni  implements)        4  10 

1.  Coarse  subangular  flint  gravel  in  a  base  of  white  sand,  with 
whole  and  broken  flints,  pieces  of  Tertiary  sandstone, 
etc.,  and  Tertiary  and  Chalk  rolled  fossils,  subordinate 
seams  of  sand  sometimes  level  ^sometimes  contorted, 
Matnmalian  remains,  and  JUnt  implements  dispersed 
throughout,  but  chiefly  in  the  lower  parts.  Shells, 
mostly  in  fhigments  {Helix^  JAmnea,  JHsidium,  Pupa), 
in  some  of  the  sand  seams        .  ....        5    0 

22  8 


The  flint  implements  are  found  in  some  pits  in  considerable  abund- 
ance, in  others  rarely ;  while  in  others  they  have  never  been  found. 
Mr.  Prestwich  believes  these  -fresh-water  deposits  to  be  of  the  same  age 
and  character  as  the  Loess  and  Lehm  of  the  Rhine  valley. 

Similar  flint  implements  have  also  been  found  near  the  village  of 
Hoxne  in  Suffolk,  in  some  old  brick  pits.  They  were  described  by  Mr. 
J.  Frere,  in  a  letter  read  before  the  Society  of  Antiquaries  in  1797.t 
Here  they  were  found  in  day  containing  fresh-water  shells,  and  having 
some  layers  of  flint  gravel,  the  whole  forming  a  lacustrine  deposit  in  a 

*  These  are  measurements  accurately  lerelled  by  clyil  engineers. 
t  See  papers  by  Mr.  Prestwioh  and  Mr.  Brans,  already  quoted. 
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hollow  of  the  Boulder  Claj,  which  cape,  or  lather  indeed  forms  the 
hulk  of,  all  the  hills  around.  This  fresh-water  deposit  reaches  within 
6  or  8  feet  of  the  summit  of  the  hill  on  the  slope  of  which  it  rests,  at 
a  height  of  42  feet  above  the  adjacent  brook,  53  above  the  neighbour- 
ing river  Waveney,  and  112  above  the  sea.  No  ground  more  than  a 
few  feet  higher  exists  for  some  miles  around^  and  its  position  is  such 
that  ^  no  existing  drainage,  nor  any  possible  with  this  confignratum  of 
the  surface,  could  have  formed  liiese  clay  and  gravel  beds  at  the 
relative  level  they  now  occupy."  *  The  shells  prove  them  to  have  been 
formed  in  a  small  lake  or  mere. 

In  May  1861,  Mr.  Prestwich  read  to  the  Geological  Society  of  Lon- 
don a  paper  giving  accounts  of  more  recent  discoveries  of  flint  im- 
plements, with  remains  of  extinct  animals,  near  Bury  St.  Edmunds  in 
Suffolk,  near  Heme  Bay,  and  at  Swale  Cliff  near  Whitstable  in  Kent, 
near  Bedford,  and  in  Surrey  and  Hertfordshire,  and  calls  attention  to 
many  other  places  at  which  they  will  probably  be  found  when  searched 
for.  Since  the  date  of  his  paper  l^ey  have  been  found  at  many 
different  localities  in  the  south  and  south-east  of  England. 

Nobody  could  see  a  tray  full  of  these  flint  implements,  and  retain 
any  doubt  that  they  had  been  fashioned  by  human  hands.  Some  of 
them  are  like  rude  arrow  or  spear  heads,  while  others  seem  as  if  in- 
tended for  digging  or  grubbing  up  roots,  being  chipped  to  a  strong 
rather  curved  point  at  one  end,  while  the  natural  undulating  surface  of 
the  flint  is  retained  at  the  other,  the  flint  having  been  apparently 
chosen  on  account  of  its  natural  indentations  at  that  end  fitting  to  the 
shape  of  the  hand,  and  giving  a  good  grasp  to  the  fingers.  The  nn- 
chipped  parts  have  sometimes  the  natural  white  coating  which  is  com- 
monly seen  on  weathered  flints,  while  the  chippeid  parts  have  the  dark 
colour  of  the  interior.  But  most  of  the  implements  are  of  a  brown 
hue  (due  to  iron-stain),  which  passes  on  the  one  hand  into  black,  and 
on  the  other  into  a  tawny  yellow. 

There  can  then  be  no  longer  any  dispute  that  man  not  only 
existed  on  the  earth  generally,  but  even  inhabited  these  countries, 
before  the  extinction  of  the  large  mammalia  already  mentioned.  What 
race  of  men  it  was  that  had  to  defend  themselves  with  rude  flint 
weapons  against  the  great  bears,  lions,  and  hyaenas,  and  preyed  with 
them  on  the  old  reindeer,  and  other  cervine  and  bovine  or  pachyder- 
matous and  proboscidean  animals,  and  how  many  thousand  years 
have  elapsed  since  then,  we  are  left  to  conjecture.  Any  one  who 
has  read  carefully  the  preceding  pages  can  judge  for  himself  as  to 
the  time  requisite  for  the  animals  to  have  become  extinct,  and  for  the 
alteration  in  the  levels  and  the  minor  features  of  the  surface  of  the 
ground  to  have  been  produced. 

•  Prentwlcb. 
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The  climate  may  have  then  been  more  excesdye  than  now,  but 
not  perhaps  more  so  than  that  of  Newfoundland  at  the  pree^it  day, 
which  is  in  the  same  latitude  as  the  northern  part  of  France,  and  is 
still  inhabited  by  reindeer  and  bears,  and  even  invaded  occasionally  by 
the  Polar  bear  landing  from  an  ice-floe,  and  which  a  century  ago  was 
inhabited  by  a  race  of  Red  Indians  who  lived  chiefly  on  the  reindeer, 
and  the  last  of  whom  have  either  perished  or  fled  to  Labrador  within 
the  last  forty  years. 

MammaHa  ofBrUith  PaUeoUOiic  DepoaUs,* 


Homo  .        .        .        < 

RhinolophuB  femun-eqalBiun 
Vespertilio  noctula 
Sorex  ynlgaris 
Unas  arctoe 

spelseuB 

feroz 

Gulo  lusciis 
Meles  tazns 
If  ustela  erminea 

pntoriuB 

martes 

Lutra  vulgaris 
Cams  Ttilpes 

lupus 

Hyaena  speltea 
Felis  catus  . 

(antiquus)  pardus 

leo  (rar.  spelsus) 

lynx    . 

Madudrodus  latideng 
Alces  malchis 
Cervus  megaceros 
tarandus   . 

capreolus  . 

elaphus     . 

Ovibos  moschatus 
Bos  primigenius    . 
Bison  priscus 
Hippopotamus  mijor 
Sus  scrofa    . 
Equus  caballus 
Rhinoceros  megarhinns 

leptorhinus 

tichorfainus 

Elephas  antiquus 

primigenius     . 

Lemmus,  sp.        •        . 
Leptis  cuniculus   . 

*  This  list  is  taken  trom  the  paper  by  Mr.  Boyd  DawUns,  Quart  Jowm.  GtoL  Soc  OM0)» 
.  192. 
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CaT*  Depoctte.       Btnt  Depotita. 
Lepus  timiduB     ...  *  * 

Lagomys  sjielsiis 
Spermophylus  erythrogenoides 
Airicola  prlkteDsis 

agrestis  . 

' amphibiuB 

Castor  fiber. 
Mob  mnaciiliiB 


f 

fi- 


ll. NEOLiTHia — Under  this  division  may  be  grouped  those  deposits 
in  which  are  found  human  implements  of  stone,  such  as  polished  oelts 
and  other  articles,  indicating  a  considerable  advance  in  civilisation.  It 
is  here  that  the  geologist  and  arch»ologist  begin  to  find  common  ground 
for  research,  each  aiding  and  supplementing  the  work  of  the  other. 

Iiake  Dwellings. — ^In  Switzerland,  during  a  low  state  of  the  water, 
many  traces  of  ancient  dwellings  have  been  foimd  along  the  margin  of 
some  of  the  lakes.  These  dwellings  were  formed  on  piles  of  wood 
driven  into  the  soft  mud  of  the  bottom.  They  appear  to  hare  been  in 
use  during  many  centuries.  At  some  of  them  hatchets,  knives,  and 
other  instruments  of  stone  have  been  found,  along  with  bones  of  deer, 
wild  boar,  wild  bull,  etc.  In  others  the  introduction  of  the  use  of  metal 
is  shown  by  the  discovery  of  bronze  tools  and  weapons,  while  additional 
evidence  of  progress  in  Uie  arts  is  furnished  by  bones  of  domestical^ 
animals,  with  fragments  of  pottery,  rude  doth,  and  charred  com. 

Feat  Mosses. — In  Denmark  most  interesting  information  has  beoi 
obtained  regarding  the  later  parts  of  the  Stone-Age  in  that  countij. 
In  the  peat  mosses  a  succession  of  vegetation  can  be  detected,  tLe  lower 
zone  of  peat  containing  remains  of  the  Scotch  fir,  while  the  upper  part 
is  marked  by  the  occurrence  of  the  oak.  The  Scotch  fir  has  never  been 
known  as  an  indigenous  tree  in  Denmark,  and  the  oak  which  took 
its  place  has  in  turn  been  succeeded  by  the  beech.  In  the  older  parts 
of  the  peat  stone  implements  are  found,  while  in  the  later  portions  the 
works  of  art  are  of  bronze. 

Eitohen  Middens. — ^Another  kind  of  evidence  regarding  the  Stone- 
Age  is  furnished  by  the  Ejokkenmodding,  kitchen  middens  or  shell- 
moimds  of  Denmark.  These  are  mounds  made  up  of  loose  shells  of 
the  common  cockle,  periwinkle,  oyster,  and  other  edible  molluscs — 
shell-refuse  of  the  early  races.  They  occur  along  the  Danish  coasts,  and 
similar  mounds  have  been  noticed  in  different  parts  of  the  British 
islands.  Among  the  castaway  shells,  tools  of  stone,  bone,  horn,  and 
wood  occur,  but  without  any  of  metal ;  also  pieces  of  rude  pottery  ai^ 
traces  of  the  use  of  fire.* 

In  Britain  the  close  of  the  Stone-Age  and  the  incoming  of  the  use  of 

*  Bm  Morlot,  BuOeiin  de  la  SocUU  Vandolte,   vL     Nilsson's  Stone  Age,  tnoalated 
1)7  Lubbock ;  Sir  John  Lubbock's  Prehistoric  Timee;  LyeU's  AnHquitg  of  Man. 
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metal  tools  has  not  yet  been  so  satisfactorily  traced.  The  frequently 
found  polished  stone  celts,  and  the  neatly  trimmed  arrow-heads  of  flint, 
however,  show  that  the  older  and  ruder  stone- weapons  gave  place  to 
others  of  like  material,  but  of  far  more  cunning  workmanship.  It 
appears  also  that  even  after  bronze  came  into  use  stone  continued  to  be 
employed,  as  being  probably  a  less  costly  and  more  easily  obtained 
material.  We  even  find  proofs  that  the  stone  tools  were  sometimes 
elaborately  cut  and  polished,  to  imitate  the  form  of  those  which  were 
cast  in  bronze. 

The  further  tracing  of  the  history  of  man  belongs  rather  to  a  trea^ 
tise  on  archsDology  than  to  a  geological  manuaL  In  closing  this  out- 
line it  may  not  be  inappropriate,  however,  to  notice  some  of  the 
proofs  of  geological  changes  which  have  been  witnessed  by  man  since 
he  became  an  inhabitant  of  Britain.  Reference  has  already  been  made 
to  the  evidence  furnished  by  the  ancient  river-gravels  and  cave-earths 
regarding  great  vicissitudes  which  have  passed  over  the  surface  of  this 
country.  We  see  how  valleys  have  been  deepened  and  widened,  so  as 
to  alter  the  whole  drainage  of  large  districts  ;  how  the  old  rivers  have 
left  their  terraces  fax  above  the  limits  of  the  present  streams,  and  bear 
witness  to  a  climate  then  much  severer  than  that  which  we  now  enjoy, 
inasmuch  as  it  was  less  removed  from  the  Ice-age  which  had  preceded 
it ;  how  the  long-extinct  mammoth,  rhinoceros,  hippopotamus,  and  other 
lost  mammals  roamed  over  the  country ;  how  the  caverns  were  haunted 
by  extinct  forms  of  hysena,  lion,  and  bear  ;  how,  of  the  forms  of  life 
which  still  survive,  some,  like  the  reindeer,  elk,  and  musk-sheep,  then 
abundant  here,  have  now  retreated  to  more  northern  latitudes,  where 
they  find  that  congenial  climate  which  they  formerly  encountered  in 
this  country ;  how  man,  at  first  a  savage,  warring  with  rude  imple- 
ments of  stone  against  the  beasts  around  him, — then  a  more  skilled 
hunter,  with  bow  of  horn  and  arrows  tipped  with  flint, — then  adding 
gradudly  to  his  comfort  by  gaining  a  knowledge  of  the  use  of  metals, 
of  the  cultivation  of  com,  of  the  domestication  of  animals,  and  of  the 
fabrication  of  woven  textures,  advanced  step  by  step  in  civilisation, — 
now  helped,  perhaps,  and  now  thrown  back  by  the  migration  of  other 
rude  human  tribes  from  what  is  now  the  mainland  of  Europe,  until, 
at  last,  he  comes  within  the  pale  of  history,  and  is  brought  face  to 
face  first  with  the  civilisation  of  Home,  and  then  with  the  humanising 
and  elevating  influences  of  Christianity. 

Decay  of  Feat-Mosses,  and  Change  of  Climate. — Of  the  gradual 
change  of  climate,  other  proofs  are  aflbrded  by  the  gradual  decay  of 
OUT  peat-mosses.  The  wide  areas  of  peat  which  cover  so  large  a  sur- 
face in  Britain  and  in  Ireland  belong  to  a  time  when  the  rainfedl  was 
probably  greater  than  it  now  is ;  for  the  peat,  as  a  rule,  is  now  no 
longer  growing.     On  hill-tops  and  watersheds,  where  it  once  grew  luzu- 
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lianUy,  to  a  depth  of  many  feet,  it  is  eiackmg  up  and  wasting  avBj. 
Bain,  frosts,  and  ronnels  of  wat^,  contiimally  act  upon  it^  and  cany 
its  debris  down  to  the  low  groond.* 

Oaoillationji  of  Iievel  of  lumd.^ — ^Evidence  of  recent  osciUations  of 
level  of  the  land,  with  respect  to  the  sea,  in  Britain,  is  fdmi^ed  by 
the  raised  beaches  and  sunk  forests^t  The  older  raised  beaches  hare 
been  already  referred  to,  as  belonging  to  the  submergence  of  the  coun- 
try during  the  later  stages  of  the  Qlacial  Period.  Those  which  occur  at 
a  lower  level  than  forty  feet  are  probably  all  assignable  to  the  human 
period,  if  indeed  the  forty-feet  terrace  itself  does  not  mark  the  coast-line 
when  the  first  men  arrived  in  Britain.  At  Qlasgow  canoes  have  been 
found  in  the  upraised  silt  of  the  estuary  ;  and  the  country  between  the 
Firths  of  Clyde  and  Forth  furnishes  evidence  of  recent  upheaval  to  the 
extent  of  about  twenty-five  feet. 

Before  the  last  elevations  of  the  land  th^e  appears  to  have  been  a 
movement  of  subsidence,  whereby  peat-mosses  and  woods  were  carried 
down  beneath  the  sea.  The  effect  of  the  later  upheavals  would  thus 
be  to  bring  these  submerged  land-surftkces  up  again  towards  the  level 
of  the  ocean,  or  above  it.  Evidence  of  the  subsidence  is  to  be  found 
along  many  points  of  the  coast-line  of  Great  Britain  and  Ireland. 
Thus,  on  the  Irish  coast,  "  undisturbed  peat  bc^  occur  beneath  the 
sand  of  the  beach,  stretching  below  the  level  of  the  lowest  spring  tides. 
Turf  has  lately  been  found  beneath  the  mud  of  Wexford  harbour.  At 
numerous  points  along  the  south  and  west  coast  of  Ireland  it  is  a 
common  practice  of  the  country  x>eople  to  go  to  the  head  of  the  sandy 
bogs,  at  dead  low  water  at  spring  tides,  and  dig  turf  from  underneath 
the  sand,  and  it  has  been  equally  noted  in  similar  situations  along  the 
western  and  northern  coasts.  The  stumps  and  roots  of  trees  in  the 
position  of  growth  are  found  in  this  peat,  clearly  showing  that  it  grew 
on  the  dry  land  ;  and  its  very  general,  we  might  almost  say  universal, 
occurrence  round  the  coast,  ^ows  that  no  local  position  of  sand  hills 
or  other  barriers  can  account  for  the  land  having  been  dry,  but  that  it 
formerly  stood  at  a  higher  level,  and  is  now  beneath  the  sea  in  conse- 
quence of  depression. 

"  There  are  many  points  on  the  coast  of  England  also,  where  simi- 
lar facts  are  observable.  I  dug  a  stump  of  a  tree  full  of  living  pholades 
out  of  the  turf  at  the  margin  of  dead  low  water  of  a  spring  tide  between 
the  mouth  of  the  Dee  and  the  MerseyTin  the  simuner  of  1837.  Old 
land-surfaces  have  been  found  beneath  the  fens  of  Cambridge  below 
the  level  of  the  sea.'*  t 

These  movements  serve  to  remind  us  that  the  great  phenomena  of 

*  See  James  Geikie  on  Peat  Mosses  and  Buried  Forests,  and  the  Changes  of  CQaiate 
which  they  indicate.  Trans.  Roy.  Soe.  Edin,,  xxiv.  368. 

t  See  anU,  pp.  831,  888.  %  Jokes  in  last  ediUon  of  the  ManwL 
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Qpheayal  and  elevation  do  not  belong  to  the  fax  distant  past,  but  are 
part  of  the  present  economy  of  nature,  while  still  farther  indications  of 
subterranean  activity  are  given  by  the  tremors  and  rumblings  of  the 
ground,  hardly  worUiy  of  the  name  of  earthqnakeB,  which  from  time  to 
time  pass  over  various  points  of  these  Islands.* 

Having  brought  down  our  geological  history  to  what  is  known  as 
the  Recent  Period — ^that  is,  the  period  characterised  by  the  changes 
which  civilised  man  has  worked  upon  the  enxface  of  the  earth — ^we  might 
naturally  be  called  upon  to  continue  it  even  to  the  present  day,  and  to 
give  an  account  of  the  geological  changes  which  have  taken  place 
dxtring  the  lapse  of  human  history,  and  of  tliose  which  are  now  in  pro- 
gress around  us.  If  this  were  done  fully,  it  could  be  shown  that  the 
series  of  operations  has  been  a  perfectly  continuous  and  equable  one, 
even  although  our  history  of  them  might  be  incomplete.  Whatever 
may  have  been  the  moral  significance  of  the  appearance  of  man  upon 
the  globe,  it  has,  in'  a  natural  history  point  of  view,  been  but  the  in- 
troduction of  one  more  animal,  superior  to  the  rest  in  intelligence,  and 
therefore  in  power.  We  cannot  find  any  geological  evidence  of  an  in- 
terruption in  what  is  commonly  called  the  ^  course  of  nature,**  of  any 
alteration  in  the  physical  laws,  or  of  any  traces  of  a  general  catastrophe, 
or  cataclysm,  or  disturbance  of  any  kind,  occurring  either  just  previous 
to,  simultaneously  with,  or  subsequently  to,  the  introduction  of  man 
upon  the  globe. 

ecology,  by  itself,  shows  us  that  the  mechanical  erosion  of  our 
present  dry  lands,  either  by  the  waters  of  the  atmosphere  or  those  of 
the  ocean,  has  been  going  on  uninterruptedly  from  a  vast  indefinite 
period  to  the  present  day.  The  elevation  and  depression  of  the  surface 
of  the  solid  crust  of  the  globe  above  or  below  the  surface  of  the  ocean, 
seems  equally  to  have  acted  from  the  earliest  geological  periods,  just  as 
it  is  now  acting  in  the  nineteenth  century ;  and  even  if  it  could  be  proved 
that  its  former  intensity  of  action  must  have  been  greater  than  now,  we 
can  show  no  proof  of  any  sudden  change  in  that  intensity  at  any  parti- 
cular period  either  of  geological  or  human  history.  Ilie  alteration  in 
the  rate  of  movement,  if  it  took  place  at  all  during  our  geological  his- 
tory, was  as  gradual  an  alteration  as  the  movement  itself  was  always 
equable  and  gradual 

The  secretion  of  solid  matter  from  the  ocean  or  the  air  by  animal 
and  vegetable  life,  and  the  deposition  of  that  matter  as  a  solid  compo- 
nent part  of  the  earth's  crust,  seems  also  to  have  been  going  on  from 
an  indefinite  period  of  past  time  uninterruptedly  down  to  the  present 
day.    The  vast  Coral  reefs  of  the  Indian  and  Pacific  Oceans,  rising 

•  The  remaining  paragraphs  of  tlili  chapter  are  bj  Mr.  Jokes,  and  formed  the  eonolnd- 
ing  chapter  of  the  last  edition. 
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from  deptlis  of  at  least  2000  feet,  are  grand  monuments  of  the  dmatioii 
of  tMs  action.  Meie  centuries  seem  but  units  by  which  to  ooimt  the 
time  that  must  have  elapsed  since  the  commencement  of  these  great 
bulks  on  the  coasts  of  the  submerged  lands  on  which  they  began  to 
grow.  Making  all  aUowanoe  for  the  possibility  of  rapid  growth  in 
reef-making  corals,  we  could  not  conceive  it  possible  that  over  a  space 
of  a  thousand  miles  in  length,  a  foot  could  be  added  to  the  average 
height  of  the  reef  in  less  time  than  several  years.  Even  on.  the  sup- 
position,  then,  of  the  slow  subsidence  of  the  bottom  being  continuous,  the 
barrier  reef  of  Australia  (as  one  instance)  must  have  taken  several  times 
2000  years  for  its  formation.  But  we  have  in  reality  no  evidence  to 
prove  the  subsidence  of  the  base  and  the  growth  of  the  upper  and  outer 
edge  to  have  been  continuous,  and  it  seems  to  have  been  stationary  for 
the  last  100  years  at  all  events,  and  may  have  been  so  for  many  een- 
turies  ;  and  such  pauses  in  the  movement  appear  rather  to  be  the  rule 
than  the  exception,  so  that  the  more  we  reflect  on  it  the  more  does  ihe 
date  of  the  commencement  of  this  great  reef  recede  into  the  haze  of  past 
time.  And  what  is  true  of  this  single  instance  is  equally  true  for  the 
atolls  and  barriers  over  the  space  of  6000  miles  in  the  Padfic  Ocean. 
Their  very  number,  too,  adds  to  the  length  of  time  that  unfolds  itadf 
before  our  reason  as  a  necessity  for  their  formation,  since  it  seems  diffi- 
cult to  imagine  them  all  to  have  begun  at  once,  and  the  subsidence  and 
upward  growth  always  to  have  been  in  action  over  the  whole  area  at 
once,  and  always  to  have  been  equal  in  amount,  so  as  to  reduce  the 
time  to  a  minimum.  When  all  the  significance  of  Darwin's  explanation 
of  the  formation  of  Coral  reefs  is  taken  into  account,  no  one  can  con- 
template his  map  of  their  distribution  without  profound  interest.  Hiey 
are  the  tombstones  erected  over  the  buried  mountains  of  a  submerged 
land,  of  the  former  existence  of  which  we  could  have  had  no  suspicion 
if  it  had  not  been  for  these  piles  of  the  skeletons  of  sea  creatures  thus 
heaped  upon  it  during  its  gradual  submergence. 

If  we  turn  from  the  Coral  reefs  and  contemplate  the  extent  and 
distribution  of  Volcanoes,  we  have  to  listen  to  another  version  of  the 
same  great  story.*  Beginning  in  the  South  Shetland  Tslandfl,  in  lat  62^ 
south,  a  chain  of  volcanoes  may  be  followed  through  Tierra  del  Fnego, 
and  along  the  Andes  into  Guatemala,  and  the  West  Indies  and  Mexico, 
and  thence  along  the  Cascade  Range  into  Russian  America,  in  lat.  62° 
north.  This  is  connected  by  an  east  and  west  band,  through  the 
Aleutian  Islands,  with  the  Asiatic  volcanoes,  which,  commencing  in 
Elamtschatka,  in  62°  north,  may  be  followed  down  the  Eurile,  and 
Japanese,  and  Philippine  Ldands,  to  the  Moluccas,  where  they  join  on 
to  another  band,  that,  commencing  on  the  coast  of  Burmah,  sweeps 

*  For  this  pmpdfle  the  taxp  given  In  the  Earikquake  Cataloffve  of  the  Britfah  AMOdctkB 
by  Mr.  R.  Mallet,  and  hia  son  Dr.  J.  W.  Mallet,  ia  «  very  conrenient  one. 
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tkrongh  Sumatra  and  Java,  Bali,  Lombock,  and  Sombawa.  The  two, 
uniting  in  the  Moluccas,  run  thence  along  the  north  coast  of  New 
Quinea,  and  down  through  the  intermediate  islands  to  New  Zealand, 
south  of  which  the  line  seems  to  be  continued  through  the  Balleny 
Ifilandfl  to  Mount  Erebus  and  Mount  Terror,  in  lat  78^  south.  These 
t^ro  volcanoes,  rising  to  heights  of  12,000  feet  among  the  eternal  snows 
of  the  Antarctic  r^ons,  lie  between  the  same  meHdians  of  160°  and 
170^  east,  as  those  of  the  north  of  Eamtschatka,  so  that  we  have  here  a 
siiinous  volcanic  band,  extending  north  and  south  through  140**  of  the 
earth's  polar  circumference,  or  between  9000  and  10,000  miles.  If  we 
add  the  branches,  and  the  American  line,  this  length  will  be  about 
doubled.  The  central  volcanic  islands  of  the  Pacific,  such  as  the 
GalapSgos,  the  Sandwich  and  Fidjee  Islands,  and  those  of  the  Indian 
Ocean,  have  also  to  be  reckoned. 

Except  the  raised  coral  islands  of  the  Bermudas,  and  the  non-Yol- 
canic  islands  of  the  West  Indies,  all  the  islands  of  the  Atlantic,  from 
Tristan  d'Acunha  to  Iceland  and  Jan  Meyen  Island,  are  volcanic,  and 
to  these  we  must  add  the  volcanoes  of  the  Mediterranean  basin. 

The  Yolcauoes  of  Central  Asia  are  dying  out  simultaneously,  as  it 
appears,  with  the  drying  up  of  the  waters  of  the  internal  basin  of 
drainage,  of  which  the  Caspian  and  Aral  Seas  are  the  remains.* 

*  I  do  not  know  that  it  haa  ever  been  remarked  thattthe  Mediterranean*  and  ita  depend- 
ency the  Black  Sea,  and  all  the  conntiies  the  rtyers  of  which  ilow  into  these  seaa,  helong  in 
reality  to  this  great  internal  basin.    The  current  always  ranning  in  through  the  Straits  of 
OlbnJtar  shows  that  supplies  from  the  ocean  are  necessary  to  keep  the  Mediterranean  up  to 
the  ocean  leveL    If  those  Straits  then  were  dosed  by  land  ever  so  little  above  that  level,  no 
overflow  would  take  place  out  of  the  Mediterranean,  and  all  southern  Europe  and  North 
AfHca  would  belong  to  the  same  faitemal  basin  of  drainage,  separate  from  that  of  the  great 
ocean,  which  extends  from  the  neighbourhood  of  St  Petersbuig  to  the  borders  of  China. 
It  ia  ranarkable  that  this  internal  basin  would  then  be  connected  in  the  most  intimate 
manner  with  the  great  complex  mountain  chain  of  the  Old  World,  xtuming  east  and  west 
ftom  SiMdn  and  Morocco  into  China.     If  we  regard  the  Pyrenees  and  the  Atlas  as  two 
panllel  oordilleras  of  this  chain,  we  have  the  table-land  of  Spain  and  the  western  ex- 
tremity of  this  basin  between  them.    We  must  then  look  to  the  mountains  of  Germany  and 
the  Valdai  Hills  of  Russia  and  the  Altai  mountains  of  Asia  as  the  northern  ranges  of  this 
great  chain,  throwing  off  the  drainage  of  its  outer  slopes  to  the  Arctic  Ocean,  and  regard  the 
Mongolian  and  Himmalayah  mountains  as  its  eastern  and  southern  borders  in  Asia,  while 
in  Africa  that  southern  border  must  be  extended  to  the  mountains  from  which  the  NUe 
descends.    All  the  high  lands  betweoi  these  limits  consist  of  long,  but  often-interrupted, 
east  and  west  ranges,  together  with  lof^  table-lands  singularly  alternating  with  deep  basins, 
one  of  which,  that  of  the  Dead  Sea,  is  so  greatly  desiccated  that  its  waters  are  now  1800 
feet  below  the  ocean  level.    The  Caspian  Sea  even  has  shrunk  to  a  depth  of  80  fSeet»  and  the 
Mediterranean,  and  therefore  the  Black  Sea,  would  have  shrunk  had  it  not  been  lior  the 
supply  through  the  Straits  of  Gibraltar.    Two  broad  spaces  of  low  land— the  one  in  Russia, 
between  the  Carpathian  and  Ural  mountains,  and  the  other  in  Africa,  between  the  Desert 
and  the  libyan  Gulf— seem  to  lead  into  this  interior  basin.  Was  it  formerly  connected  with 
the  main  ocean  through  these  spaoesf 

When  the  history  of  the  formation  of  the  countries  occupied  by  this  singular  complex 
belt  of  broken  country,  which  c<nnprises  both  the  loftiest  peak  and  the  lowest  spots  d  dry 
land  in  the  world,  oomes  to  be  completely  written,  the  connection  of  this  anterior  basin  of 
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TbioagHout  l^  the  Tast  spaces  thuB  briefly  m^itioiied  these  oeem 
Toloanic  cones,  composed  of  heaps  of  ejected  cindeis  and  ashes,  vith 
occasional  lava-flows,  all  braced  together  by  iij^jected  dykes  and  y&bb  of 
lava.  These  external  pustules,  symptoms  of  the  intomal  throes  of  the 
more  deeply-seated  masses  of  molten  rock,  have  all  been  aprnnmlateil  in 
th^  same  way  that  we  see  them  now  being  accumulated.  Their  pie- 
sent  intermittent  addon,  inde^  is  obviously  but  a  continuatioii  of  thai 
which  has  been  going  on  from  their  commencement  We  know  that 
many  of  them  have  lain  dormant  for  great  spaces  of  time,  and  then 
burst  forth  again  into  activity.  Vesuvius  is  but  a  small  example  of 
them,  and  it  must  continue  for  an  immense  period  of  time  to  add  to  ite 
external  size,  before  it  could  hope  to  rival  the  vastly  preponderating 
bulk  of  Etna.  Yet  we  know  that  Vesuvius  was  dormant  for  several 
centuries  before  our  era,  and  that  although  it  has  continued  active  ever 
since,  yet  the  subsequent  accumulations  have  not,  to  say  the  most, 
doubled  the  size  of  the  mountain  which  existed  before  the  year  ajdl  78. 
Etna,  from  all  the  descriptions  of  the  earliest  writers,  was  very  mudi 
of  the  same  height  and  bulk  2400  years  ago  which  it  attains  now,  so 
that  Pindar  could  speak  of  its  being  tJie  pillar  of  Heaven  and  the  nurse 
of  ^^ eoerloiH'ng  froet,'^  as  well  as  ''containing  the  fountains  of  un- 
approachable fire."  It  bears  on  its  flanks  volcanic  hills  of  no  incon- 
siderable magnitude,  and  Vesuvius  might  be  almost  hidden  away  in 
the  valley  called  the  Val  del  Bove,  which  runs  down  one  side  of  Etna. 
Its  base  would  cover  an  Eaglish  county,  and  its  summit  is  nearly 
11,000  feet  high,  the  whole  being  made  up  internally  of  numerous 
small  cones  of  ejection  buried  from  time  to  time  under  ike  vast  piles  of 
dust  and  ashes,  and  the  rivers  of  molten  rock  which  have  iHX)ceeded  frosn 
its  dominant  centre. 

If  we  reckon  from  what  we  Jbunp  of  the  mode  of  action  in  the  foi^ 
mation  of  volcanic  mountains,  taking  into  account  all  the  pauses  which 
occur  between  the  periods  of  action,  to  what  date  are  we  to  refer  the 
commencement  of  the  ejections  which  formed  the  old  mountain  of 
Vesuvius  as  it  stood  before  the  time  of  Pliny  ?  and  to  what  more  vast 
and  dim  antiquity  are  we  to  refer  the  b^innings  of  Etna  ?  But  if 
these  two  mountains  give  rise  to  such  unanswerable  questions,  what 
shall  we  say  when  we  come  to  the  general  examination  of  the  fax 
larger,  far  loftier,  and  still  more  numerous,  volcanic  cones  which  rear 
their  heads  along  the  lines  just  now  spoken  of  as  traversing  whole 
continents  and  crossing  great  oceans  ?  The  number  of  cones  must  be 
taken  into  account,  because,  while  we  know  that  all  the  cones  of  a  great 
district  are  often  dormant  together  for  long  periods,  we  do  not  know  of 
any  instances  in  which  they  all  become  simultaneously  active.     A  great 

dnUiuige  vith  the  mountaliL-nuigef  and  tabl^-landf  will  doal>tle«  bo  found  to  be  ftn  te- 
portant  part  of  it 
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eniptioa  in  one  is  indeed  often  sympathised  wxUi  hj  others,  so  far  as 
the  emission  of  smoke  or  slight  symptoms  of  activity  are  concerned, 
but  no  great  additions  to  the  bulk  <^  these  piles  axe  ever  made  simul- 
taneously in  alL 

It  is  not  of  covrse  intended  to  assert  that  the  commencement  of  all 
the  great  active  volcanoes  of  the  world  dates  ^m  a  period  later  than 
the  creation  of  the  human  race,  though  most  of  them  seem  to  be  no 
older  than  ihe  existing  species  <k  MoUusoa.  Whatever  may  have  been 
the  dates  of  their  origin,  however,  their  action  has  been  continued 
through  the  Recent  period,  and  therefore  in  part  belongs  to  it  It  is 
clear,  also,  that  since  the  ejection  of  these  piles,  so  many  of  which 
consist  of  loose  materials,  <^ten  so  pumiceous  as  to  float  in  water,  no 
natural  deluge  could  have  swept  ov^  the  dry  land  without  leaving 
evident  traces  of  its  passage,  neither  can  Hie  cones  have  been  ever 
quietly  submerged  beneath  the  sea  without  traces  of  such  an  occurrence 
being  discernible. 

Earthquakes,  which  are  so  ccmmionly  the  accompaniments  or 
precursors  of  volcaoic  eruptions,  ought  also  to  be  described  in  our 
continuation  of  geological  history  iiom  human  records.  They  are  ob- 
viously the  external  symptoms  of  the  mov^nents  generated  deep  in  the 
earth's  crust  by  the  action  of  the  heated  interior,  when  that  movement 
becomes  convulsive  instead  of  equable.  Mr.  Mallet  has  given  an  ad- 
mirable resum^  of  their  history  from  the  year  B.a  1606  down  to  the 
year  aj>.  1842.  M.  Perrey  of  Dijon  continues  the  account  to  1860. 
No  less  a  number  than  between  6000  and  7000  separate  recorded 
earthquakes  are  discussed  by  Mr.  Mallet  in  the  reports  attached  to  his 
^Catalogue."  During  the  last  four  years  embraced  by  his  list,  he 
mentions  upwards  of  400  earthquakes,  or  an  average  of  about  two  a 
week.*  If,  therefore,  we  allow  for  many  unrecorded  shocks,  which 
were  either  too  slight  for  notice  or  occurred  in  parts  of  the  earth  where 
no  record  of  them  was  made,  we  shall  perceive  that  the  crust  of  the 
earth  is  in  fact  in  a  perpetual  state  of  vibration  and  trembling,  now  in 
one  part,  now  in  another.  If  these  movements  are  so  often  felt  even 
at  the  surface,  it  seems  that  the  internal  and  deeper  seated  parts  of  the 
earth's  crust  must  be  still  more  frequently  affected,  and  by  movements 
of  fax  greater  magnitude  and  intensity  than  those  which  reach  that 
surface. 

Mr.  MaUet  discusses  the  relations  of  earthquake  energy  to  both  time 
and  space,  the  distribution  of  earthquakes  over  the  surface  of  the  globe, 
and  their  connection  with  volcanic  districts ;  he  also  describes  the  laws 
of  motion  which  they  seem  to  observe,  comparing  them  with  the  vibra- 
tions produced  artificially  by  great  blasts  of  gunpowder,  and  gives 
rules  for  finding  the  depth  of  the  origin  of  the  shock,  and  direc- 
*  See  the  BanihqitMke  Catalogite  of  the  British  Association  already  cited. 
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tions  for  observing  them  more  syBtemaidcally  than  has  hitherto  been 
done. 

Theae  four  great  actions  then — the  destraction  of  rock  bj  chemical 
decomposition  and  mechanical  erosion, — the  formation  of  rock  by 
chemical  or  oigano-chemical  consolidation,  and  bj  mechanical  deposi- 
tion— ^the  intrusion  of  igneous  rock  from  below  into  or  over  aqueous 
rock — and  the  bodily  elevation  and  depression  of  different  parts  of  the 
earth-crust  thus  elaborated— 4ure  still  going  on  now,  as  they  have  evo 
done,  from  the  earliest  periods  of  geological  histoiy.  Some  knowledge 
of  their  mode  of  action  now  is  necessary  as  a  preliminary  to  the  study 
of  their  past  results,  and  they  were  accordingly  described  in  an  earlier 
portion  of  this  work ;  but  the  geological  histoiy  of  the  formation  of  the 
crust  of  the  earth  would  be  obviously  incomplete  without  some  mentioii 
of  them  again  at  the  dose  of  the  story. 

In  like  manner  an  account  of  existing  plants  and  animals,  the  laws 
regulating  their  structure,  their  classification,  their  mutual  relations, 
and  their  geographical  distribution,  would  form  a  fitting  dose  to  ibe 
pal»ontological  account  of  the  extinct  spedes  of  past  times.  The 
existing  Flora  and  Fauna  which  inhabit  the  globe  are  the  result  of  the 
variation  and  multiplication  of  spedes  that  have  been  going  on.  unin- 
terruptedly along  with  the  physical  changes  that  have  acted  on  its 
crust.  No  violent  break  in  the  continuity  of  the  chain  of  descent,  no 
universal  destruction,  no  sudden  end  to  one  population  and  simultane- 
ous commencement  of  another,  can  be  proved  to  have  ever  happened, 
or  even  shown  to  be  probable. 

Life,  to  the  fullest  extent  in  number  of  individuals,  and  to  the 
utmost  variety  of  forms  that  circumstances  would  allow,  and  with  the 
most  far-seeing  and  omnisdent  provisions  for  the  wants  and  necessitaes 
of  the  future,  has  evidently  been  the  all-wise  and  all-good  law  of  crea- 
tion, governing  both  animate  and  inanimate  processes  from  the  eadiest 
geological  period  down  to  the  present  time. 
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L  ON   GEOLOaiCAL  SUBVEYINa 

It  has  been  suggested  to  me  that  a  few  vords  on  the  mode  of  settmg  to 
work  to  make  a  geological  examination  of  a  eonntry  wonld  be  found  usefuL 
Bein^  provided  with  a  kive  and  small  hammer,  a  pocket  clinometer  and  lens, 
and  m  some  cases  a  small  bottle  of  dilute  acid,  the  next  requisite  is  to  get  a 

~  map  of  the  ground  to  be  examined.    The  scale  of  the  map  should  be 
in  proportion  to  the  minuteness  and  detail  of  the  intended  survey.    The ' 

lance  maps,  on  the  scale  of  six  inches  to  the  mile,  are  usually  large  enough 
for  the  most  minute  and  accurate  work,  but  for  any  amateur  worR  those  on 
the  scale  of  one  inch  to  the  mile  are  generally  large  enough,  and  their  execu- 
tion is  in  all  the  later  maps  very  good.  In  foreign  countries  maps  on  a  much 
smaller  scale  have  geneniQy  to  oe  used,  and  often  very  imperfect  or  inaccurate 
maps. 

Supposing  the  observer  to  be  provided  with  the  best  attainable  map,  and 
to  have  unlimited  lime  at  his  command,  he  may  first  proceed  to  make  himself 
acquaintol  with  the  geography  of  the  country  by  traversing  it  in  various 
directions,  viewing  it  from  its  hill-tops,  and  getting  a  thorough  knowledge  of 
its  external  form.  In  doing  this  he  must  note  the  litholoffical  constitution  of 
its  most  nrominent  rock  masses,  and  determine  by  the  methods  pointed  out  in 
Chapter  lY.  whether  they  are  stratified  aqueous  rocks,  or  unstratified  igneous 
rockjB,  or  partly  of  one  and  partly  the  other  character. 

He  may  then  commence  his  more  detailed  survey  by  marking  down  on  his 
map  every  exposure  of  rode  on  the  exact  space  it  occupies,  and  colouring  that 
space  with  whatever  tint  he  may  select,  to  denote  the  uthological  or  geological 
character  of  the  rodc«  If  his  map  be  not  sufficiently  large  to  admit  of  this,  he 
must  describe  the  rock  in  his  note-book,  with  a  reference  to  the  exact  spo^  as 
accurate  as  he  can  contrive  to  make  it. 

If  he  find  nothins  but  igneous  rocks,  he  must  set  himself  to  determine  the 
different  kinds  to  which  thqr  belong,  and  mark  down  on  his  map  the  area 
occu|ned  by  each.  On  tiie  Cfeological  Survey  various  shades  of  cannine,  lake, 
and  scarlet^  are  employed  for  igneous  rocks.  Other  and  contrasting  colours 
are  used  for  the  aqueous  rocks.  Thus  the  Cambrian  and  Silurian  formations 
are  indicated  by  various  shades  of  purple,  the  OoUtic  series  by  yellows,  the 
Cretaceous  by  greens,  the  Tertiariesoy  browns.* 

In  determining  the  areas  occupied  by  each  kind,  the  observer  will  of 
course  note  the  relations  of  each  to  the  other,  and  whether  one  be  intrusive 
into  the  otiier,  or  what  other  connection  they  may  have. 

*  The  itadent  who  withes  to  portae  this  nibject  for  himself  should  prooore  a  copy  of 
the  luge  Index  sheet  of  oolonrs  and  signs  published  by  the  Qeological  Survey^  price  6s. 
It  csn  be  had  at  Messrs.  Stanford,  Charing  Cross,  London ;  W.  snd  A.  K.  Johnston,  Bdin- 
burgh ;  Hodges  snd  Smith,  Dublin. 
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In  examining  stratified  or  aqneons  rocks,  he  wiU  in  the  first  plaee  ttA 
for  some  locali^  where  the  best  "  section  "  of  these  can  be  seen,  as  desoibed 
in  Chapter  YIII.  The  sea-coast,  or  the  banks  of  a  river,  or  an  inland  dii( 
wiU  be  most  likely  to  afford  him  the  best  natural  exposure  of  the  bcMls  ;  a  nO* 
way  catting,  or  a  road-side  cutting,  or  a  deep  ditch,  or  any  oUier  longitudinal 
trenching  of  the  ^und,  will  give  him  the  best  artifidu  sections.  Failuig 
these,  he  must  visit  all  the  quarries  or  pits  of  the  district,  must  inquire  after 
all  wells  and  mining  shafts,  and  must  get  the  most  accurate  accounts  he  caa 
of  the  nature  of  the  beds  that  were  passed  through,  and  of  their  "  lie  and 
position ; "  that  is  to  say,  the  way^  in  which  each  hiy  in  the  ground,  nmi  ths 
aepth  and  thickness  of  each,  makmg  particular  inquiries  as  to  the  *'  dip"  of 
the  beds,  or  the  direction  in  which  uiey  *'  deepened^"  and  the  rate  of  defies- 
ing.  In  some  districts  the  rate  of  deepening  is  reckoned  at  so  many  inches  in 
a  vard,  or  so  many  feet  or  yards  in  a  hundred  ;  in  others  it  is  stated  as  a  dip 
of  a  foot  or  a  yard  in  so  many  feet  or  vards.  Geologists  usually  state  the  numbo' 
of  degrees  at  which  the  beds  incline  from  a  horizontal  plane.  Table  L  will  eve 
the  means  of  translating  either  of  these  modes  of  expression  into  any  ofthe 
others,  it  being  understood  that  the  nearest  whole  numbers  are  taken,  aad 
those  figures  only  ^ven  which  will  be  found  useful  in  practice. 

The  observer  will  mark  on  his  map  by  a  small  arrow  the  direction  of  tbe 
dip,  and  write  the  angle  of  dip  in  ngnres  alongside  the  arrow,  or  he  wifl 
enter  the  information  in  his  note-book,  to  be  tranflfened  to  a  map  anbseqneiitiT 
if  necessary.  In  any  operation  requiring  greater  exactness,  more  aecniate  in- 
struments than  a  pocket  clinometer  will  of  course  be  used,  and  t^  eakola- 
tions  be  made  accordingly. 

Table  I. 

Shounng  differmt  modes  qfstaUng  the  Dip, 

In  this  TMCf  only  those  numbers  are  given  which  are  likdy  to  he  fimnd  (f 
use  in  practice,  and  thai  chiefly  to  the  nearest  whole  nwmhcr,  omitting  fraetiom. 


ofWp. 

Incline  of 

Ft  or  Yd*, 
in  100. 

Inches  in 
a  Yard. 

Angle 
OfDip. 

IncUneof 

PtorYda 
in  100. 

In^esia 
aYaid. 

1" 
2* 

4' 

linSr 
1  in  29 
linl9 
linl4 
lin  11 

If 

7 
9 

01 

1 

2 

24 
8 

80° 
85° 

58 
99 

21 

25 

- 

40° 
45° 

linl 

83 
100 

80 
86 

6° 
9' 

linlO 
linS 
lin  7 
line 

10 
124 
14 
1« 

4 

44 

6 
6 

64° 

2inl 

72° 
76° 
79° 

8inl 
4inl 
5inl 

9 

ir 

lin  6 
lin4 
linS 

20 
26 
88 

7 

9 

12 

81° 
82° 
88° 

6inl 

7inl 

Sinl 

etc 

20° 
24° 
26" 

liD2 

86 
44 

50 

16 
17 
18 

1 

ON  GEOLOGICAL  SURVEYING.  749 

In  highly-inclined  rocks  dipping  in  different  directions,  the  amount  of  dip 
▼aries  so  frequently  that  minute  accuracj  in  observing  it  is  often  waste  of 
time  ;  but  the  strike  of  the  beds,  and  their  course  across  the  country,  should 
be  carefully  observed. 

When  the  surface  of  the  ground  is  veiy  uneven,  the  observer  must  recollect 
that  the  strike  of  the  beds  will  not  correspond  with  their  line  of  outcrop  oa 
the  map,  or  will  only  correspond  with  it  on  the  great  scale — that  is,  when  the 
lei^h  to  which  the  bed  may  be  traced  is  ver^  larffe  compared  with  the  undu- 
lation of  the  surface.  When  the  angle  of  dip  is  low,  a  comparatively  small 
undulation  of  the  ground  will  of  course  cause  the  outcrop  of  a  bed  to  deviate 
widely  from  the  line  of  its  strike ;  and,  on  the  other  hand,  a  slight  change  in 
the  strike,  or  in  the  amount  of  the  dip  of  a  bed,  wiU  produce  a  much  greater 
effect  than  when  the  inclination  of  the  dip  is  a  high  one. 

The  observer  must  endeavour  to  keep  in  his  mind  the  ascertained  thick- 
ness of  the  group  of  rocks  he  is  tracing,  and  all  their  possible  changes  in  dip 
and  stnke,  and  the  conseauent  relations  of  these  to  the  different  features  of 
the  surface,  so  as  to  guard  nimself  against  being  deceived  or  led  astray.  He 
must  also  not  snare  his  own  labour,  out  search  mli^nently  evenr  square  vard  of 
cround  on  whicn  there  is  anv  possibility  of  rock  bemff  expo8e<I,  so  that  he  may 
be  sure  of  being  acquainted  with  every  observable  fact  before  he  draws  his 
conclusions.  If  time  or  the  means  at  his  disposal  do  not  allow  of  his  survey 
being  thus  exhaustive,  he  must  always  entertain  a  certain  amount  of  diffidence 
on  the  conclusions  he  arrives  at,  and  hold  them  open  to  future  correction. 

If  he  find  in  tracing  stratiiSed  rock  that  the  appearances  are  such  as  to 
render  probable  the  existence  of  a  fault  or  dislocation,  he  must  be  particularly 
on  his  guard  against  allowing  his  mind  to  jump  to  the  conclusion  that  it 
exists,  before  he  has  put  that  existence  beyond  doubt.  Faults  or  dislocations 
are  doubtless  much  more  numerous  than  we  are  aware  of,  but  for  that  very 
reason  great  care  should  be  taken  not  to  introduce  them  on  geological 
maps,  except  in  the  precise  situations  and  with  the  precise  directions  which 
they  really  hold.  I  speak  in  this  matter  from  personal  experience,  and  with 
an  ample  measure  of  remorse  for  my  own  sins  in  this  matter.  It  is  the  error 
into  wnich  many  geologists  most  easily  fall,  and  which  they  ought  to  be  most 
warned  against  for  the  future.  Most  especially  should  the  greatest  caution  be 
exercised  Defore  the  first  dislocation  is  hiid  down  in  a  district.  If  one  line  of 
fault  be  proved  beyond  all  question  to  exist,  others  must  almost  necessarily  be 
present,  either  parallel  to  it,  or  more  or  less  nearly  at  right  angles  to  it.  Before 
one  fault  then  be  laid  down,  the  observer  should  require  an  amount  of  evidence 
which  can  allow  of  no  other  possible  solution  than  the  fact  of  a  dislocation  ; 
but  having  proved  that,  and  having  accurately  determined  its  direction,  a 
much  less  amount  of  evidence  m^  be  reasonably  admitted  for  the  existence  of 
the  corresponding  dislocations.  Even  when,  in  making  observations  in  mining 
districts,  he  is  assured  of  the  existence  of  a  fault  by  the  miners  themselves,  the 
observer  must  be  on  his  guard,  and  carefully  ascertain  that  by  a  *'  fault"  the 
miners  mean  really  a  "dislocation,"  and  that  their  statements  as  to  its 
•*  throw"  or  its  **  width"  are  such  as  he  clearly  understands,  and  are  correctiy 
stated  by  the  men  themselves. 

Keeping  these  precautions  in  his  mind,  the  observer  may,  from  detached 
observations,  lay  down  on  his  map  the  boundary  line  between  two  different 
sets  of  beds  with  more  or  less  accuracy,  accoi^ding  to  the  number  of  his 
"data,"  or,  in  other  words,  the  number  of  places  in  which  the  rocks  are 
clearly  exposed.  By  drawing  the  upper  and  lower  boundary  of  a  set  of  beds, 
and  observing  their  average  inclination,  it  is  obvious  that  he  can  calculate 
their  thickness  ;  and  by  doing  this  for  tiie  outcrop  of  several  sets  of  beds,  he 
can  determine  approximately  the  depth  at  which  the  lower  set  will  be  found 
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under  any  giyen  spot  of  the  tipper.  For  this  purpose  he  must  assume  the 
surface  of  the  ffround  to  be  a  plane,  and  then,  if  necessary,  measure  its  undu- 
lations, and  alu>w  for  any  departure  from  the  true  plane.  The  thickness  of 
the  beds  whose  outcrop  has  been  traced,  or  the  depth  attained  in  a  grren 
horizontal  distance  by  any  one  of  them,  may  be  leamt  either  by  protraction 
and  measurement,  or  oy  calculation. 

In  vein-mining  the  *'  underlie"  is  reckoned  from  the  perpendicular  ind 
not  from  the  horizontal,  and  the  distances  used  are  fathoms,  but  the  inches  in 
a  yurd  colunm  can  be  used  to  ascertain  the  angle  from  the  horizontal,  by 
merely  halving  the  ouantities  given  for  the  fathom,  and  taking  ihe  comple- 
ment of  tiie  angle.  Tor  example  : — ^A  lode  underlyins  8  ft.  6  in.  a  frithom, 
or  42  inches  in  6  feet =21  inches  in  1  yard,  has  an  an^e  of  80",  the  oompk* 
ment  of  which  is  60",  which  is  the  mclination  of  the  vein  frx>m  the  hori- 
zontal. 

The  following  table  will  save  trouble  in  most  instances ;  the  tliirlrT^#Ji 
measured  at  right  anf^les  to  the  dip,  and  the  depth  measured  at  right  ansles  to 
the  horizon,  being  given  for  eveiy  degree  up  to  20",  and  for  every  5  after 
that,  in  a  distance  of  100  (feet,  yards,  etc),  measured  horizontailj  directly 
across  the  strike  of  the  beds : — 

TABLE  II. 
Ikjith  and  Thickness  Table, 
Horizontal  distance  «=  100.* 


Angle  of  Dip. 

Depth. 

Thickness. 

Angle  of  Dip. 

Depth. 

ThickueM. 

1" 
2" 
8" 
4" 
6" 

1-7 
8-6 
6-8 
7  0 
8-8 

1-7 
8-6 
6-3 
7  0 
8-7 

18" 
19" 
20" 

31-8 
84-6 
86-6 

30-9 
32-6      ' 
S4-2      1 

26" 
30" 
85" 
40" 
46" 

46-9 
68-0 
70-5 
84-2 
100-0 

42-8 
50-0 
67-4       ' 
65-6      1 
70-7      ' 

6" 
7" 
8" 
9" 
10" 

10-6 
12-8 
141 
16  0 

•  •  • 

10-5 
12-2 
13-9 
16-6 
17-4 

60" 
66" 
60" 
66" 
70" 

1190 
143  0 
174-0 
214  0 
276-0 

76-6      i 
81-9 
86*6      1 
90-6      ; 

94-0 

i 

11" 
12" 
18" 
14" 
16" 

19-6 
21-4 
28-2 
26-2 
26-9 

191 
20-8 
22-6 
24-2 
26-9 

76" 
80" 
86" 

368-0 

676  0 

1148  0 

970 
98-0      1 
99-0      , 

1 
1 

16" 
17" 

28-7 
30-7 

27-6 
29-2 

As  this  table  is   one  giving  the  solution  of  a  right-an^^led  triangle  fcff 
each  angle  specified,  it  may  be  used  to  find  any  dimension  which  can  be  stated 

*  It  is  sometimes  more  convenient  to  consider  the  horisontsl  distance  1000,  whea  tht 
decimal  point  in  the  table  disappeais,  and  the  nmnbers  given  become  17,  S6,  53,  ete.,  la- 
stead,  of  1-7,  8-5,  6-8,  etc. 
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in  the  fonn  of  a  rieht-anffled  triangle,  as  for  calculating  the  space  between  the 
outcrop  of  two  beos  of 'imich  the  angle  of  dip  is  known,  and  the  thickness 
between  them  ;  Uie  distance  which  any  bed,  of  which  the  depth  and  inclina- 
tion are  known,  will  require  before  its  outcrop  at  the  surface  can  occur ;  and 
80  on. 

By  means  of  this  table,  also,  the  probable  **  throw  "  of  faults  can  be  ascer- 
tained, where  the  broken  ends  of  a  oed  on  opposite  sides  of  a  fault  can  be 
found,  and  a  certain  mean  angle  of  dip  assigned  to  the  whole  mass.  If^  for 
instance,  there  be  a  set  of  be£,  including  one  particular  bed  ABC,  which 
are  traversed  by  a  fault  FF  either  at  right  angles  to  their  strike,  or  obliquely, 
as  drawn  in  the  Fig.,  and  the  mean 
dip  of  the  beds  be  80°,  and  the  out- 
crops of  the  broken  bed  A  B  C  be 
found  on  opposite  sides  of  the  fault 
in  such  a  position  that  the  strike  of 
the  piece  B  C  which  is  "  upthrown," 
(when  produced  if  the  fault  be  oblique 
so  as  to  be  measured  at  right  angles 
to  A  B),  be  found  to  be  150  yards  (or 
any  other  distance)  apart  firom  the 
strike  of  the  **  downthrown  "  piece  ; 
then,  as  the  table  will  give  us  the 
depth  which  the  downcast  piece  has 
attained  at  the  distance  of  150  yards.  Fig.  167. 

and  the  depth  accordingly  which  it  Qromid-plan  of  a  fltult,  to  lUiistrate  calcnl*- 
has  on  one  side  of  the  fault,  while  the  tion  of  throw  of  fault  by  table, 

upthrown  piece  crops  out  exactly  on 

the  other  side  of  the  fault,  that  depth  is  of  course  the  "  throw  "  of  the  fault. 
If  it  be  100  yards,  then,  with  a  dip  of  90**,  tlie  table  shows  a  depth  of  58  yards, 
which  is  the  amount  of  the  downthrow  ;  if  150  yards,  it  will  of  course  be 
68  +  V  (or  29)  =  87  ;  if  200  yards,  it  will  be  116,  andso  on  ;  and  if  the  dip 
had  been  12^  and  the  horizontal  distance  100  yards,  then*  the  throw  would, 
be  21'4  yards ;  if  1000  yards,  the  throw  would  be  214  yards,  and  so  on.  The 
table  is  indeed  of  continual  use  to  the  practical  geologist,  in  checking  his  pre- 
conceptions as  to  depth  and  thickness,  amount  of  dislocations,  etc.  etc  etc* 

Construction  of  Sections, — The  formation  of  a  geological  map,  by  joining 
together  the  separate  appearances  of  the  outcrop  of  beds  at  the  surface,  is  only 
a  part  of  the  work  necessary  to  convey  a  knowledge  of  the  geological  structure 
of  a  country.  This  map  may  often  be  taken  as  a  horizontal  section  of  the  dis- 
trict, formed  by  cutting  it  by  a  horizontal  plane  at  a  certain  level,  and  remov- 
ing aU  the  matters  above  that  plane.  In  order  fully  to  understand,  however, 
the  "  lie  and  position  "  of  the  rocks,  it  is  necessary  to  have  a  vertical  longi- 
tudinal section  which  shall  show  the  direction  and  amount  of  their  inclination 
beneath  the  horizontal  plane,  and  the  depth  attained  by  any  particular  bed 
under  any  spot  at  a  given  distance  from  its  outcrop.  For  this  purpose  a  hori- 
zontal datum-line  is  assumed,  which  is  generally  the  level  of  the  sea,  and  a 
line  of  country  is  selected  for  the  section,  which  is  generally  taken  at  right 
angles  to  the  strike  of  the  beds.  The  undulations  of  the  ground  along  the 
selected  line  are  then  marked  in,  so  as  to  give  the  proper  heights  for  the  cSffer- 
enttpoints  above  the  assumed  datum-line.     If  tne  scale  lor  horizontal  and 

*  Messrs.  Troughton  and  Slmms  of  Fleet  Street,  London,  have  prepared,  at  my  sngges- 
tion,  a  little  ivory  protractor,  on  which  this  Table  and  part  of  Table  I.  are  engraved,  together 
with  the  scales  of  the  six-inch  and  one-inch  maps,  which  the  observer  will  find  very  nsefbl 
to  have  in  his  notebook  or  map-case.    Its  prioe  is  10s. 
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T«rtieal  distaiKies  be  the  same,  the  result  will  of  eonrse  gire  ns  m  true  "jprdSk 
or  oatline  of  the  features  of  the  ground.  This^  however,  often  leqaiies  the 
8ecti(m  to  be  drawn,  either  to  such  a  great  length  as  to  be  unmanageable,  or  on 
such  a  small  scale  that  the  Tertical  distances  are  too  minute  for  distiiictueet. 
It  is  in  such  cases  advisable  to  sacrifice  the  c<»Tect  outline  and  enlaise  the 
heights  to  several  times  their  due  proportion,  which  of  ooune  involves  a 
corresponding  distortion  in  the  angle  of  mclination  of  the  beds  and  their  vp- 
parent  thickness,  and  so  on.  If^  however,  the  two  scales  be  given,  it  is  easf , 
of  course,  to  correct  the  apparent  distortion  by  calculation  and  measurement, 
and  learn  the  true  facts  from  the  section.  Having  got  the  oatline  of  tiie 
ffround,  we  must  then  insert  in  their  proper  places  the  outcrop  of  the  different 
oeds  and  formations,  or  masses  of  igneous  rock,  faults  or  veins,  etc.,  as  noted 
on  the  map  or  in  the  observations  in  the  notebook,  and  draw  th«n  at  their 
proper  angle  if  the  section  be  on  the  natural  scale,  or  at  a  calculated  angle  if 
it  be  distorted.  This  calculation  can  easily  be  made  fh>m  Table  II.  by  ascer- 
taiuing  what  depth  any  bed,  etc.,  would  reach  in  any  given  horizontal  distance 
at  the  real  angle,  and  drawing  them  so  as  to  be  at  tliat  depth  at  that  honiontal 
distance  in  the  distorted  section. 

When  a  section  is  made  across  a  greatly  disturbed  district,  parts  of  it  will 
almost  of  necessity  be  drawn,  not  directly  across  the  strike  of  the  beds,  or  with 
their  dip,  but  more  or  less  obliquely  to  it  Sometimes  the  section  mjflht  un- 
avoidably run  along  the  strike  of  the  beds  for  some  distance ;  if  so,  tne  beds 
will  of  course  appear  to  be  horizontal  in  that  part  of  the  section,  since  th^ 
will  dip  either  directly  from  or  directly  towards  the  spectator,  and  wiU  there- 
fore incline  neither  to  his  right  nor  to  his  left  hand.  When  ^e  section  runs 
directly  across  the  strike,  it  will  of  course  represent  the  true  dip  of  the  beds. 
If  it  go  obliquely  across  the  strike,  then  it  will  represent  the  dip  at  some  inter- 
mediate angle  between  the  horizontal  line  and  the  true  dip.  As  the  calcula- 
tion of  the  proper  correction  to  be  made  for  this  obliquity  in  the  line  of  s«ctim 
is  rather  troublesome,  and  as  in  some  instances  it  is  advisable  that  it  should  be 
given  correctly,  not  only  for  the  purpose  of  determining  the  depth  of  beds,  bat 
also  for  drawing  the  true  angle  of  lines  of  faults,  joints,  veins,  dykes,  and 
cleavage  planes,  the  following  table  (Table  III.)  is  added.  This  is  taken  from 
one  wmch  I  constructed  for  my  own  use  when  miming  sections  in  North  Wales, 
but  the  nearest  whole  numbers  are  only  stated  in  it,  and  the  lower  degrees  of 
dip  and  obliquity  omitted,  as  neither  they  nor  the  minutes  of  degrees  are  prac- 
tically useful. 

The  angles  stated  in  the  first  column  are  those  between  the  direction  of 
the  line  of  section  and  that  of  the  dip  of  the  bed,  fault,  vein,  cleavage  plane, 
or  other  inclined  line  that  is  to  be  inserted  in  the  section.  This  insertion  can 
be  correctly  made  (in  a  section  on  the  natural  scale),  by  seeking  in  the  table 
the  number  which  will  be  found  at  the  intersection  of  the  requisite  horisontal 
and  vertical  columns. 

If,  for  instance,  a  section  be  drawn  along  a  line  which  crosses  the  line 
of  dip  at  55",  and  the  beds  at  one  part  dip  at  65°,  they  would  be  rene- 
sented  as  they  would  be  seen  in  a  natural  vertical  clilf  if  one  ran  along  that 
line  of  section,  by  drawing  them  at  an  angle  of  51°.  If  they  changed  their 
strike  a  little  farther  on,  so  that  the  straight  line  of  section  crowed  their 
new  dip  at  an  angle  of  75°,  their  apparent  dip  should  be  reduced  to  29°,  giving 
them  the  requisite  curve  between  the  two  dips  at  the  part  where  the  beds 
curved  their  strike. 

The  ** angle  between  the  direction  of  the  dip  and  that  of  the  section"  is 
always  to  be  calculated  on  that  side  of  the  section  where  the  angle  between 
them  is  less  than  90°,  and  the  direction  of  the  dip  in  the  section  is  to  be 
drawn  accordingly.     If,  therefore,  the  angle  between  them  be  large,  and  the 
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Tablb  III. 
Oblique  Section  Table, 


Angle  between 

the  direction 

of  the  dip  and 

Akglk  op  the  Dip. 

that  of  the 
section. 

Degs. 

40 

Degs. 

Degs. 

Degs. 

Degs. 

Degs. 

Degs. 

70 

Degs. 

Degs. 

Degs. 

Degs. 

Dega. 

46 

60 

66 

60 

66 

76 

80 

86 

89 

88 

40 

82 

37 

42 

47 
45 

53 

58 

64 

70 

77 

83 

46 

30 

28 

35 

40 

51 

56 

62 

69 

76 

83 

88 

60 

82 

37 
34 

42 

48 

54   1 

60 
57 

67 
65 

74 

82 
81 

88 

66 

25 

29 

39 

45 

51    1 

73 

88 

60 

22 

26 

81 

35 
31 

41 

47 

54 

62 

70 

80 

88 

66 

19 

23 

27 
22 

36 
30 

42   1 
36   1 

49 

57 
52 

67 
63 

78 

87 

70 

16 
12 

19 

26 

43 

76 
71 

87 

76 

14 
10 

17 

20 

24 

29 

35 

44 

56 

86 

80 

8 

12 

14 

17 

20 

25 

33 
18 

44 
26 

63 

84 

86 

4 

5 

6 
1 

7 

8 
2 

10 

13 

45 

79 

89 

1 

1 

1 

2 

3 

4 

5 

11 

45 

Note.— Tids  table,  in  a  foller  form,  is  given  in  the  Appendix  to  the  Geology  of  the  South 
Staffordshire  Coal-fleld.— (JlfeiiM.  Gtol.  Svrvqf.) 

direction  of  the  section  be  slightly  changed  at  one  point,  so  as  to  shift  the 
side  on  which  the  lesser  angle  lies,  the  apparent  dip  in  the  section  will  have 
its  direction  changed,  although  no  change  has  taken  place  in  reality.  Sup- 
pose, for  instance,  the  cleavage  planes  in  a  certain  tract  of  country  dip  due 
K.  at  80^  and  a  section  be  taKen  across  that  ground  in  a  direction  from  W.  5° 
S.  to  E.  6**  N.  up  to  a  certain  point,  the  Spectator  being  supposed  to  be  look- 
ing towards  the  north,  the  angle  between  that  section  and  the  dip  of  the 
cleavage  planes  being  85*,  they  will  be  drawn  in  the  section  as  dipping  at  26* 
to  the  east  or  toward  the  spectator's  right  hand.  If,  however,  tne  direction 
of  the  section  be  changed  at  that  point,  and  it  be  continued  on  a  line  from 
W.  5*  N.  to  E.  5**  S.,  the  direction  of  the  dip  of  the  cleavage  planes  must  of 
course  be  altered,  and  they  must  be  drawn  as  if  dipping  at  26°  to  the  west,  or 
towards  the  spectator's  left  hand.  It  is  obvious  that  this  would  be  their 
appearance  if  two  real  cliffs  were  to  be  formed  running  in  the  directions 
above  named,  and  meeting  in  a  corner  at  an  angle  of  170*.  The  cleavage 
planes  would  go  straight  across  from  the  one  to  the  other,  and  would  rise 
n'om  the  base  towards  the  summit  of  the  cliff  on  either  hand  of  the  spectator, 
or  dip  from  the  summit  towards  the  foot  of  the  cliff  on  each  side  of  the  spec- 
tator, as  he  looked  northwards  towards  the  junction  of  the  two  cliffs. 

It  must  be  recollected  that  if  the  section  be  not  drawn  on  a  natural  scale, 
but  on  two  scales  differing  in  height  and  length,  the  dip  must  first  be  drawn 

3c 
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with  the  requisite  amount  of  exaggeration,  as  before  described,  and  then  that 
must  be  measured  and  the  proper  correction  applied  to  it  if  the  line  of  sec- 
tion be  oblique  to  it.  This,  however,  will  not  often  be  required  except  in 
mining  sections. 

One  error  to  be  guarded  against  in  constructing  sections  is  the  very  natural 
one  of  supposing  that  all  the  intermediate  pieces  of  ground,  between  the  parts 
where  the  outcrops  of  the  beds  are  to  be  seen,  are  occupied  by  beds  dipphtg 
at  the  same  angle,  or  even  in  the  same  direction,  as  they  do  in  those  parts.  It 
may  happen  that  the  outcrop  of  beds  is  visible  only  in  those  places  where 
they  are  more  highly  inclined  than  usuaL  It  may  even  be  the  case  that  only 
those  parts  which  (Up  in  one  direction  are  visible,  while  the  intervening  con- 
cealed parts  dip  in  another  direction.  Very  serious  errors  have  in  this  way 
crept  into  many  sections  published  by  even  high  authority.  It  is,  however, 
one  that  should  be  strenuously  guarded  against,  for  which  purpose  the  sec- 
tions lately  published  by  the  Geological  Survey  in  Ireland  nave  only  those 
beds  engraved  on  them  which  are  certainlv  known  to  exist,  the  intermediate 
spaces  being  left  blank,  and  as  far  as  possible  omitted  in  the  calculations  for 
thickness. 

The  student  may  be  often  at  a  loss  to  find  the  real  heights  of  the  places 
his  section  passes  over,  as  levelling  is  a  troublesome  and  sometimes  expensive 
operation.  The  Aneroid  Barometer  will  often  assist  him  in  determining  the 
highest  and  lowest  points  of  his  section  with  comparative  facility.  If^  now- 
ever,  this  be  unattainable,  he  will  almost  always  be  able  to  learn  the  heisht 
of  some  of  the  canals,  railways,  or  roads,  or  the  height  of  some  river  or  ot^r 
object  in  his  neighbourhood,  from  which  the  altitude  of  other  points  may  be 
estimated  with  sufficient  accuracy  for  his  purpose.  If  he  once  get  the  height 
of  any  point  in  the  main  river  of  a  dis^ct,  he  will  know  that  no  piece  of 
ground  from  which  the  water  flows  towards  that  |)oint  can  be  at  a  lower  levd 
than  it,  and  will  thus  get  a  limit  in  that  direction  for  the  depth  of  his  undu- 
lations, while  thei  altitude  of  the  highest  hill  in  his  district  will  give  him  a 
limit  in  the  other  direction,  and  by  constantly  referring  to  these  two  he  will 
generally  be  able  to  construct  a  geological  section  with  sufficient  approximate 
accuracy  for  ordinary  purposes.  An  error  of  twenty  or  thirty  feet  will  be  of 
no  real  importance  to  him,  when  he  recollects  that  in  his  section  it  is  probably 
included  in  the  breadth  of  a  pencil  line. 

Sections  for  practical  operations,  such  as  mining  or  engineering,  or  in  those 
cases  where  important  conclusions  are  to  be  drawn  Inrom  tne  relative  heists  of 
particular  points,  are  of  course  to  be  treated  on  quite  different  principles  from 
those  geological  sections  which  are  often  only  diagrammatic  representations  of 
the  general  facts  as  to  the  superposition  of  groups  of  beds,  useful  to  ascertain 
only  their  average  thickness,  or  to  point  out  their  mode  of  occuxrenoe  boieath 
the  surface. 
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II.  SYNOPSES  OF  THE  ANIMAL  AND  VEGETABLE 

KINGDOMS. 


KTETGDOM  AKTMALIA.* 
SUB-KINQDOM  VBBTEBBATA. 

PROVINCE  L— MAMMALIA. 

Class  I.— Mammalia. 
Subolaas  I.— Monodelphia. 

Order  1.  PRIMATES      .        .        .     Man,  Apes,  Lemurs. 
„     2.  CHEIROPTERA 


»» 


8.  INSEOTIVORA 
„  4.  RODENTIA  . 
„  6.  HYRACOIDEA 
„     6.  UNGULATA 


Flyinff  Foxes,  Vampires. 

Hedff^og,  Shrew,  Mole,  Galeopithecus. 

Rat,  Mare,  Squirrel. 

Hyrax. 


1.  Aktiodactyla    Pig,  Hippopotamus,  Camel,  Deer,  Ox, 
Anoplotheriwn. 

2.  Perissodaottla  Horse,  Rhinoceros,  Tapir,  PaUeotheriurn. 
„     7.   TOXODONTIA        .        .     Toxodcm. 
„     8.  SIRENIA  .        .        .     Manatee,  Dugong,  HaZWuirium, 

9.  PROBOSCIDEA         .        .     Elephant,  MastodUm, 

10.  CARNIVORA    .        .        .    Lion,  Dog,  Bear,  Seal 

11.  CETACEA         .        .        .    Whale,  Porpoise,  Zeuglodon, 

„   12.  EDENTATA     •        •        •  j  ^^^tJ^^^*"*^^"'    Armadillo,    Mega- 

Subolass  IL— Didelphia. 
„   13.  MARSUPIALIA        .        .     Kangaroo,  Opossum. 

Subclass  m.— Omithodelphia. 
„   14.  MONOTREMATA     .        .    Echidna,  Omithorhynchus. 

PROVINCE  IL— SAUROPSIDA. 

Class  I.~Aves. 

Order  1.  SAUBUILS     .        .        .    Arcfueopieryx, 
„     2.  RATITiE  ....    Apteryx,  Dinomis,  ostrich. 

„     8.CABIKAT^     .        .        .I^'ggy^'^^o^"' 

*  Thifl  scheme  of  the  Animal  Kingdom,  originally  drawn  up  for  this  work  by  Professor 
Hozley,  has  been  reylsed  by  him  for  the  present  edition.  The  names  of  those  orders  and 
genera  which  are  enUrely  extinct  are  printed  in  Italics. 
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Class  IL— Beptilia. 

BnbolaM  I.— Snohospondylia. 

Order  1.  ORNITHOSCELIDA         \  ^^^^"^  Ig^ru^d^  Tlucod,mt^ 

2.  PTEROSAURIA  .    JHsrodadyluSy  Jthampharhyntktts. 

8.  DICYNODONTIA  .        .    Dicynodan,  OudenodUm. 

4.  CROCODILIA  .    Alliigator,  Crocodile,  Teleomunu. 


>» 
ft 
tt 


»» 
>> 


»» 


*) 


Subclass  IL— Srpetospondylia. 

6.  PLESIOSAURIA    .        .     Plesiosaurus^  Nothoaaunu. 

6.  LACERTILIA  .     Lizard,  Chameleon,  Blindworm. 

7.  OPHIDIA  .     Python,  Battlesnake. 

Subclass  m.— Pleurospondylia. 

8.  CHELONIA     .  .     Tortoise,  Turtle. 

Subclass  IV.—Perospoudylia. 

9.  IGHTHYOSAURIA        .     Ichthyosaurus, 


PROVINCE  ni.— ICHTHYOPSIDA. 

Class  !•— Amphibia. 
Order  1.  SAUROBATRACHIA       .     Proteus,  Sakmander. 


„      2.  LABYRINTHODONTA      Arch^osaurus,  Masiodonaaurus. 
„      8.  GYMNOPHIONA   .        .     CoeciUa. 


4.  BATRACHIA  .        .        .     Frog,  Toad. 


Class  XL— Pisces. 


Order  1.  DIPNOI  . 
„     2.  GANOIDEI 


»» 
>» 
» 


8.  TELEOSTEI     . 

4.  ELASMOBRANCHII 

6.  MARSIPOBRANCHII 


6.  PHARYNGOBRANCHII      Amphioxus. 


Lepi4osiren. 

Lepidosteus,  Storgeon,  Lepidoius. 

Perch,  Cod,  Salmon. 

Sharks,  Rays,  and  Chimcers. 

Lamprey,  Hag. 


SUB-KINaDOM  ANNUIiOSA. 

PROVINCE  L— ARTHROPODA. 
Class  I.— Inseota. 


Order  1.  HYMENOPTERA 

„  2.  COLEOPTERA 

„  -3.  NEUROPTERA 

„  4.  STREPSIPTERA 

„  5.  LEPIDOPTERA 

„  6.  DIPTERA 

„  7.  ORTHOPTERA 

„  8.  HEMIPTERA  . 

„  9.  APTERA 


Saw-fly,  ichneumon,  bee. 

Beetles. 

Dragon-fly,  white  ant. 

Stylops. 

Butterfly,  moth. 

House-fly. 

Cricket,  locust,  earwig. 

Bug,  cicada,  aphis. 

Flea. 
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Class  H.— Mjrriapoda. 

Order  1.  CHILOPODA    .        .        .    Centipede. 
„     2.  CHILOGNATHA      .        .    Millipede. 

Class  m.— Araohnida. 

Order  1.  ARTHROGASTRA  .  .  Scorpion. 

2.  ARANEINA     .        .  .  Spiders. 

8.  ACARINA         .        .  .  Mites  and  ticks. 

4.  PYCNOGONIDA      .  .  ^cnogonum. 

6.  ARCTISOA        .  .  Water-bears. 

.6.  PENTASTOMIDA    .  .  Linguatula. 

Class  ry.— Crustacea. 

Order  1.  PODOPHTHALMIA  .  Lobster,  crab. 

2.  BRANCHIOPODA    .  .  Daphnia,  apus. 

8.  OSTRACODA   .        .  .  Cythere,  cypris. 

4.  PECTOSTRACA        .  .  Barnacles,  acomshells,  Rbizocephak. 

6.  STOMAPODA  .        .  .  Squilla. 

6.  EDRIOPHTHALMIA  .  Isopods,  ampbipods,  Ismodipods. 

7.  MEROSTOMATA     .  .  King-crab,  Eurypterua, 

8.  TRILOBITA   .        .  .  THUMtes. 

9.  COPEPODA     .  .  Cyclops,  argnlus,  lemoea. 

PROVINCE  n.— ANNULATA. 
Class  v.— Annelida. 

Order  1.  CHffiTOPHOBA      .        .  j  ^&c'2^'^^r'  ^"^' 
2.  DISCOPHORA         .        .    Leech. 


>> 


Class  VI.-Ch(Btognatha. 
Order  1.  SAGITTIDA    .  .     Sagitta, 

PROVINCE  m.— ANNULOIDA 

Class  VL— Sooleoida. 

Order  1.  TREMATODA  .  .  Fluke. 

2.  TiENIADA       .        .  .  Tape-worm. 

8.  ACANTHOCEPHALA  .  Echinorhyncbus. 

4.  NEMATOIDEA        .  .  Thread-wonn,  hair-worm. 

6.  TURBELLARIA       .  .  Planaria. 

6.  ROTIFERA      .        .  .  Rotifer,  brachionus,  lacinularia. 

Class  VH.— Eohinodermata. 

Order  1.  HOLOTHURIDEA  .  .  Sea-cucumbers,  trepang. 

„     2.  ECHINIDEA   .  .  Sea-urchins. 

„    8.  OPHIURIDEA  .  Sand-stars. 

„    4.  ASTERIDEA    .  .  Star-fish. 
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Orders.  CRINOIDEA    .        .        .     Feather-star,  stone-lily. 

„     6.  BLASTOIDEA  .     FentremiUs. 

„    7.  CYSTIDEA      .  .     Cryptocrinus,  apiocystUes. 

„    8.  EDRIOASTERIDA ,        .    Agdcu^nites, 


SUB-EIiraDOM  MOLLUSCA. 

PROVINCE  L— ODONTOPHORA. 

Class  L— Cephalopoda. 

Order  1.  DIBRANCHIATA    .        .  |  ^^^^""^  ^"^^  cattle-fishes, 
„     2.  TETRABRANCHIATA    .     Nautilus,  ammont^. 

Class  n.— Pteropoda. 

Order  1.  THECOSOMATA      .        .     Hyaloa,  creseis  (dentalium  ?)  * 
„     2.  GYMNOSOMATA     .        .     Clio,  pneumodermon. 

Class  IIL— Pulmo-Gasteropoda. 

Order  1.  INOPERCULATA    .        .     Helix,  Umax. 
„     2.  OPERCULATA         .        .    Cyclostoma. 

Class  IV.— Branohio-Qasteropoda. 

Order  1.  t  PECTINIBRANCHIATA  Whelk,  periwinkle. 

2.  SCUTIBRANCHIATA      .     HaUotis  (ear-shell). 

3.  TUBULTBRANCHIATA  .     Vermetus. 

4.  CYCLOBRANCHIATA    .     Limpet,  chiton. 

5.  NUDIBRANCHIATA      .     Doris. 
„     6.  TECTIBRANCHIATA     .     Aplvsia. 

„     7.  INFEROBRANCHIATA  .     DiphyUia.      ■ 

PROVINCE  n.— LAMELLIBRANCHIATA. 

Class  v.— Lamellibranohiata. 

!No  good  orders  have  vet  been  established,  \  Oyster,  mnssel, 

neither  Dimyaria  ana  Monomyaria,  X  nor  f  unio,  cockle,  y^nns, 

Pleuroconchs  and  Orthoconchs,  being  good  i  and  all  ordinary 

natural  divisions.  )  bivBlTes. 

*  There  ii  much  to  be  said  for  the  propoeition  to  make  Dtntalivm  the  type  of  a  distinct 
order,  Scaphapoda. 

t  These  groups  are  artiflolal,  and  must  be  looked  upon  as  provisiofnal,  until  the  Gastcco- 
poda  are  more  thoroughly  examined.— T.  H.  H. 

I  AU  Monomyaria,  except  the  adult  Mnlleria,  are  marine,  which  is  one  reason  for  wAJa% 
the  distinction. 


»» 
»» 
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PROVINCE  in.— MOLLUSCOIDA. 

Class  VL— Brachiopoda. 

Order  1.  BRACHIOPODA  ARTICULATA  .     Terebratula,7c/)tena,  ^ptn/cm, 

prodUfda. 
„    2.  BRACH.  IN  ARTICULATA  .        .     Lingula,  orbicula,  crania. 

Class  VIL—Polyaoa. 

Order  1.  CHEILOSTOMATA      ..       .        .     Flustra,  eschara. 

Bowerbftnkia. 


„  2.  CTENOSTOMATA 

„  8.  CYCLOSTOMATA 

„  4.  LOPHOPHEA      . 

„  6.  PEDICELLINIDA 


Tubulipora. 
Plumatella. 
Pedicellina. 


Class  VIII.  -Asoidioida. 

Order  1.  BRANCHIALIA  ....     Cynthia,  ascidia. 
„     2.  ABDOMINALIA  .        .        .     Clavellina,  aplidium. 

,,     8.  LARYALIA  ....     Appendicularia. 


BUB-KINaDOM    CCEIJSNTBBATA. 

Class  L— ActinoBoa. 

Order  1.  CTENOPHORA     ....     Cydippe,  cestmn. 
,,     2.  CORALLIGENA    ....     Alcyonium,   pennatula,   tnbi- 

pora,  cyaUwphyllum,  actinia, 
madrepora,  astraea. 

Class  IL— Hydrozoa. 

Order  1.  HYDROPHORA       .        .     Hydra,  coryne,  tubularia,  sertularia. 

2.  SIPHONOPHORA    .        .     Diphyes,  physalia,  veleUa. 

3.  DISCOPHORA  .        .    Rhizostoma,  cyancea,  lucemaria,  beroe. 


»» 


SUB-KINGDOM  FBOTOZOA. 

PROVINCE  L— STOMATODA. 

Class  L— Infusoria. 

Paramoecinm,  Torticella,  noctilnca. 

PROVINCE  IL— ASTOMATA. 

Class  I.— Spongida. 

Spongilla,  halichondria,  tethya. 
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Class  H.— Radiolaria. 

ThalossicoUa,  acanthometra,  and  other  ''Poljcistma.** 

Class  HI.— Gregarinida. 

Gregarina. 

Class  IV^BhiBopoda. 

Amoeba^  gromia,  rotalia,  nummuZi^  miliola,  and  other  "Foraminifera.* 


VXSaETABUB  KINGDOM.* 

Sub-Kingdom  I.  Fhanerogamia  (seeds  containing  an  Embryo). 
Olaas  L  Diootyledoaea  (two  cotyledons)  or  Bxogeius  (outward  growiog). 
SUBCLASS  L  ANOIOSPERMKfi  (seeds  in  a  vessel). 

OROUP  I.  THALAMIFLOIL/S  (petals  distinct,  stamens  on  tonis). 

Examples. — Buttercup,  Berbeny,  Water-lily,  Cabbage,  Turnip,  duckweed. 
Poppy,  Violet,  Mallow,  lime,  Tea^  Orange,  Maple,  Mahogany,  Vine, 
Geranium,  Flax,  Balsam,  Rue. 

GROUP  II,  CALYCIFLORjS  (petals  distinct,  stamens  attached  to  calyx). 

Examples. — Buckthorn,  Cashew-nut,  Pea  and  Bean,  Acacia,  Rose,  Raspberry, 
Strawberry,  Plum,  Apple,  Pear,  Cherry,  Almond,  Peach,  Mangrove, 
Myrtle,  Cucumber,  Passion-flower,  House-leek,  Cactus,  Gooseoeny, 
Currant,  Saxifrage,  Carrot,  Parsley,  Celery,  Hemlock,  Ivy. 

OROUP  III.  COROLUFWRS  (petals  united,  bearing  the  stamens). 

Examples. — Mistletoe,  Honeysuckle,  Elder,  Cinchona  or  Jesuit's  Bark,  Coffee, 
Artichoke,  Thistle,  Chicory,  Lettuce,  Harebell,  Heath,  Rhododendron, 
Cranberry,  Ebony,  Holly,  Jessamine,  Olive,  Ash,  Gentian,  Strychnos, 
Convolvulus,  Belladonna,  Tobacco,  Potato,  Henbane,  Capaicnm,  Mul- 
lein, t  Foxglove,  Mint,  Sage,  Primrose. 

GROUP  IV.  MONOCHLAMYDBJE  (corolla  wanting,  simple  perianth). 

Examples. — Spinage,  Beet,  Buckwheat,  Rhubarb,  Laurel,  Cinnamon,  Nut- 
meg, Banksia,  Sandalwood,  Pitcher-plant,  Rafflesia,  Aristolochia,  Kettle, 
Fig,  Mulberry,  Breadfruit,  Pepper,  Willow,  Casuarina,  Birch,  Plane, 
Hazelnut,  Chestnut,  Oak,  Beech,  Walnut. 


*  The  following  Bketch  of  tlie  Vegetable  Kingdom  wm  communicated  to  bm  by  my 
lamented  Mend  Dr.  W.  H.  Harvey,  the  year  before  he  died,  for  publication  in  this  edition 
of  the  Student's  ManuaL— J.  B.  J. 

t  Thi«  plant  has  an  intense  power  of  spreading  over  new  lands— «.(r*»  in  America,  wbert 
it  does  mt  grow  wild. 
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SUB-CLASS  IL  QTMNOSPBRMEfi  (seeds  naked). 
ExampU8.^¥iT,  Spruce,  Larch,  Pine,  Cypress,  Juniper,  Cedar,  Yew,  Cycas, 
Zamia,  Welwitschia.* 

Class  H.   Monoootyledones   (one  cotyledon)  or  Sndogenn   (inward 

growing). 

GBOUP  I.  PSTALOIDE^  (usually  a  perianth). 
Examples,— Yam,  Orchis,  Ginger,  Arrow-root,  Banana,  Iris,  Daffodil,  Aloe, 
Hne-apple,  Lily,  Onion,  Crocus,  Rush,  Palm,  Pandanus  or  Screw-pine, 
Arum. 

GROUP  IL  QLUMACliJE  (having  a  scaly  sheath). 
.EBomp^.— Sedge,  Reed,  Papyrus,  Grass,  Com,  SugarKjane,  Bamboo. 

Sub-Kingdom  H.  Orsrptofi^amia  (spores  not  containing  an  Embryo). 
Glass  I.  Aorogens  (summit-growing). 

SUB-CLASS  L  FILICALBS  (Fem-sort). 
Examples.— 'Yem,  Adder's-tongue,  Horsetail,"  Pepper-wort,  Club-moss,  "  Nar- 
doo"t  (Marsilea). 

SUB-CLASS  IL  MUSCALES  (Moss-SOrt). 
Examples. — Moss,  Liverwort 

SUB-CLASS  in.  CHABACEALES  (Chara-sort). 
Example. — Chara. 

Class  H.  Thallogens  (no  distinct  axis).t 
SUB-CLASS  L  HTCETALES  (FungUS-SOrt). 
Examples. — Lichen,  Fungus.  § 

SUB-CLASS  IL  ALOALES  (seaweed-sort). 
Examples. — Fncus,  Laminaria,  Conferva,  Diatomacee. 

*  Welwitschia  is  the  most  wonderftil  of  all  ligneous  v^etables. — Note  by  Dr.  Harvey. 

t  Eaten  by  blacks  in  Australia ;  Burke  and  Wills  starved  on  it 

X  That  is  the  idea  of  the  group,  but  it  is  not  confined  to  it,  nor  uniwrtal  in  it  In  Mono- 
ootyledones we  have  Semna  (dueihoeed),  a  flower-bearing  thallogen,  and  many  of  the  Liver- 
worts in  Muscales  are  thallogenous. — N(M  hy  Dr.  Harvty. 

I  It  is  a  moot-point  whether  Lichen  and  Fungus  ought  to  be  associated.  Lichens  are 
never.  Fungi  are  alwaye  parasitic.  (Tree-growing  Lichens  are  only  epiphytes.)  Still,  by 
many  botanists,  they  are  associated.— ^o<«  by  Dr.  Harvey. 
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III.  MB.  JXJKES'S  VIEWS  ON  DEVONIAN  BOCK& 

SoMB  years  before  his  death  the  author  of  this  Manual,  after  much  de- 
tailed examination  of  the  geolc^cal  structure  of  the  south  of  Ireland,  turned 
his  attention  to  the  rocks  of  Devonshire,  to  which  the  name  of  Devoman 
has  been  given.  Struck  with  their  general  similarity  of  character  to  those 
known  in  Ireland  as  Carboniferous  Slate,  he  proceeded  to  examine  them  mcst 
closely,  and  at  length  satisfied  himself  that  the  order  of  sequence  in  North 
Devon  and  in  Ireland  was  the  same,  and  hence  that  the  so-called  Devonian 
rocks  were  really  the  lower  portion  of  the  Carboniferous  system,  resting,  as 
in  Ireland,  upon  a  base  of  Old  Red  Sandstone.  These  views  were  advanced 
first  in  some  of  the  Explanations  of  the  Sheets  of  the  Geological  Survey  of 
Ireland,  previous  to  the  year  1865.  In  that  year  he  communicated  to  the 
Royal  Geological  Society  of  Ireland  some  **  Notes  for  a  comparison  between 
the  rocks  of  the  south-west  of  Ireland  and  those  of  North  Devon,  and  of 
Rhenish  Prussia,  in  the  neighbourhood  of  Coblentz."  Next  year  he  read 
before  the  Geological  Society  of  London  a  memoir  in  which  his  views  were 
fully  expanded,  and  in  which  he  enters  into  considerable  detailed  areumcnt 
to  snow  that  the  Devonian  rocks  do  not  form  an  independent  system,  but  are 
in  truth  the  equivalents  of  the  Carboniferous  Slate  of  Ireland.  In  this  paper 
the  following  passages  occur  : — **  The  hypothesis  I  offer  for  the  interpretation 
of  the  North  Devon  section  is  based  solely  on  the  experience  acquired  by  my- 
self and  my  colleagues  of  the  Geological  Survey  in  the  southern  counties  of 
Ireland.  I  believe  that  the  County  Cork,  and  the  adjacent  parts  of  Kerry,  must 
be  taken  as  the  typical  district  for  the  classification  of  the  Devonian  rocks, 
and  that  the  grouping  of  the  rocks  of  the  south  of  Ireland,  resulting  from  the 
labours  of  Sir  R.  Griffith  and  Her  Majesty's  Geological  Survey,  must  form  the 
model  for  the  grouping  of  the  same  beds  in  other  countries. 

"  I  do  not,  of  course,  mean  to  assert  that  the  rock-groups  of  other  conntiies 
must  necessarily  be  the  same  as  those  of  Ireland ;  but  I  certainly  must  main- 
tain that,  as  the  rocks  of  Ireland  are  clearly  shown,  and  their  oider  of  succ«- 
sion  can  be  observed  in  many  localities,  that  order  must  be  presumed  to  be 
the  one  which  prevails  in  Devonshire,  and  in  Western  Europe  generally,  in 
all  places  wJiere  no  good  reason  can  be  shown  to  the  contrary. 

**  It  happened  that  Devonshire  was  described  before  the  south-west  of  Ireland, 
and  described  by  masters  in  our  science.  Had  those  describers,  however,  been 
previously  acquainted  with  the  structure  of  the  south-west  of  Ireland,  they 
would  have  had  reason  to  suspect  that  the  apparent  order  of  superposition  in 
Devonshire  was  not  the  true  one,  and  would  doubtless  have  interpreted  the 
sections  in  North  Devon  by  the  light  of  their  previous  Irish  exx)erience.  Any 
one  who  has  gained  this  experience,  will,  I  beueve,  agree  with  me  in  the  ideas 
I  have  formed  respecting  the  structure  of  North  Devon.  I  shall  not,  on  the 
other  hand,  be  at  all  surprised,  if  any  one  without  this  experience,  who  looks 
solely  to  North  Devon  itself,  declines  to  accept  them. 

"  My  hypothesis  is  briefly  this — that  a  great  fault,  with  a  downthrow  to 
the  north,  strikes  from  the  northern  comer  of  Morte  Bay,  about  east  and  by 
south,  all  across  North  Devon,  somewhere  near  the  villages  of  West  Down, 
Bittadon,  East  Down,  Challacombe,  about  a  mile  south  of  Simonsbath,  and 
thence  onwards  in  the  same  course.'* 

The  effect  of  this  fault,  in  his  opinion,  has  been  to  repeat  on  the  north 
side  a  great  series  of  beds,  which  have  been  generally  rc^^arded  as  middle 
Devonian,  but  which  he  believed  to  be  of  lower  Carboniferous  age,  like  those 
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to  the  sontli  of  the  fault,  which  are  nsnallj  tenned  npper  DeyoniaiL  He 
maintained  that  the  fossil  evidence  did  not  invalidate  this  supposition  ;  that 
the  difference  between  the  fossils  fh)m  different  parts  of  the  so-called  Devonian 
rocks  did  not  differ  more  markedly  from  each  other  than  fossils  from  different 
parts  of  the  Carboniferous  Slate  (uffered  from  each  other ;  that  the  fossils  of 
both  ^ups  of  strata  warranted  the  conclusion  that  they  might  have  been 
geologically  contemporaneous ;  that,  on  the  supposition  that  the  rocks  of 
JiTorth  Devon  really  formed  a  continuous  ascending  section  to  the  base  of  the 
Carboniferous  system,  the  total  thickness  of  '* Devonian"  rocks  seems  so 
great  as  to  require  verification  from  some  other  district ;  that  his  explanation 
of  a  great  fault  not  only  removed  the  latter  difficulty,  but  brought  the  rocks 
of  Devon  into  harmony  with  the  clearly-ascertained  order  of  succession  in  the 
south  of  Ireland  ;  and  that,  in  this  way,  the  term  Devonian,  instead  of 
designating  an  independent  geological  system,  should  be  regarded  merely  as  a 
name  for  one  type  of  the  lower  portion  of  the  Carboniferous  system.  He  con- 
cludes thus : — 

"  I  would  beg  leave  to  su^st  that  the  identification  of  the  Old  Red  Sand- 
stone proper  with  the  Devonian  beds  was  an  over-hasty  conclusion,  and  that, 
till  the  question  be  finally  settled,  it  would  be  well  to  discontinue  the  use  of 
the  term  Devonian  for  all  beds  which  are,  or  are  supposed  to  be,  really  Old 
Red  Sandstone.  One  source  of  confusion  would  thus  be  avoided.  The  term 
•*  Devonian  "  would  then  be  confined  to  beds  containing  those  species  and 
genera  of  Brachiopoda  and  other  marine  fossils  which  are  commonly  under- 
stood when  we  speak  of  Devonian  fossils.  The  Old  Red  Sandstone  certainly 
does  not  contain  any  of  these  fossils.  The  plants  and  the  Anodonta  whicn 
it  does  contain  seem  to  point  to  a  freshwater  origin  for  it,  or  at  all  events  the 
neighbourhood  of  land^ 

'*The  Devonian  beds,  when  the  Old  Red  Sandstone  is  detached  from 
them,  will  still  be  sufficiently  extensive  and  important  The  peculiar  genera 
and  species  belonging  to  them  seem  to  have  a  very  wide  range  over  the 
world  in  general,  quite  as  wide  perhaps  as  the  genera  and  species  peculiar  to 
the  Carboniferous  Limestone. 

**  I  believe,  however,  that  it  will  ultimately  be  found  that  the  genera  and 
species  which  have  the  widest  range  of  all  are  those  which  are  common  to  the 
Devonian  .beds  and  the  Carboniferous  Limestone. 

'*  It  may  doubtless  be  thought  a  bold,  not  to  say  audacious,  speculation, 
but  it  occurs  to  me  to  ask  whether  we  ought  not  rather  to  look  upon  the 
Devonian  beds  as  the  most  general  type  of  those  which  intervene  between  the 
Coal-measures  and  the  Ola  Red  Sandstone,  and  regard  the  Carboniferous 
Limestone  of  the  British  Islands  and  Belgium  as  a  local  and  exceptional 
peculiarity.  It  seems  to  me  that  good  reasons  might  be  urged  for  such  a 
classification." 

Mr.  Jukes  was  removed  from  among  us  before  he  had  time  adequately  to 
work  out  the  views  which  he  sketched  as  a  reform  in  Palaeozoic  classification. 
He  was  a  trained  and  most  skilful  adept  in  physical  geology  ;  and  though  his 
suggestion  has  not  been  adopted  by  the  general  body  of  geologists,  there  must 
stul  lin^  in  many  minds  the  conviction  that  a  view  wmch  had  recom- 
mended itself  to  so  earnest  and  experienced^a  field-geologist  is  well  worthy  of 
serious  consideration.* 

*  Mr.  Jnkee's  views  were  opposed  by  Mr.  Etheridge,  who,  in  1867,  published  an  eluborate 
memoir  on  the  *'  Physical  Stmctore  of  West  Somerset  and  North  Devon,  and  on  the 
Palteontological  Value  of  the  Devonian  Fossils."— Quart.  Joum,  GtoL  Soe.  xjriii.  668.  . 
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The  names  of  foBsils  which  are  figured  are  printed  in  italics. 


Abbevills,  flint  implements 
at,  738. 

Acervularia  luxuriavu,  549. 

Achatina  CosUUata,  688. 

Acid  anhydrides,  58. 

Acids,  defined,  20. 

Orthic,  21. 

Meta,  21. 

molecular,  constitu- 
tion of,  23. 

AcroaaXenia  decorata,  638. 

-  hemicidaroides,  633. 
Actijiolite,  74, 143. 

schist,  143. 

AdiaiUites  Hibemica,  574. 
Aerial  rocks,  188, 148. 
Agassis,  M.,  cited,  720. 
Agate,  60. 

Aonostus  princeps,  632. 

Air,  incapable  of  absorbing 

radiant  neat,  723. 
Alabaster,  67,  69,  134. 
Alaria  oomposita,  686. 
Albite,  75. 

Alethopteria  lonchitica,  596. 
AUotropisro,  47. 
Alluvium,  402. 
Alps,    granitoid    rocks    in, 

144. 

altered  Oolitic  rocks 

of.  648. 

Eocene  rocks  of,  686. 


Alstonite,  69. 

Alumina,  15. 

Aluroinates,  24. 

Alunite  or  Alum-stone,  67. 

America,    North,    Cambrian 

rocks  of,  529. 
CaLTboniferous    rocks 

of,  602. 

Cretaceous  rocks  of, 


669. 


720. 


Devonian  rocks  of,  565. 
Eocene  rocks  of,  686 
Qlacial  Phenomena  of, 

Miocene  rocks  of,  694. 

Oolitic  series  of,  648. 

Silurian  rocks  of,  569. 

America,  South,  Cretaceous 
rocks  of,  669. 


Amethyst,  59. 
AmmoniUs  auritUB,  668. 

biplex,  640. 

communis,  627. 

dUciu,  688. 

exoawUus,  636. 

HumphrtsiaivuSf  629. 

Jasony  636. 

perarmaius,  638. 

varianSj  661. 

Amplexiis  coraUoides,  597. 
Amygdaloidal  texture,  98. 
characteristic  of  inter- 
bedded  trap-rocks,  276. 
Anabaeia  hemUpherica,  628. 
Anamesite,  104. 
Ananchytes  subgldboeua,  661. 
Anatina  undukUa,  636. 
AnciUaria  buocinoideiy  681. 
Ancyclocerasgigas,  666. 
Angelin  on  Swedish  Silurian 

rocks,  648. 
Anglesey,  foliation  of,  229. 

section  of,  467. 

Anhydride  acids,  21 ;  of  silica, 

58,59. 
Anhydrite,  66. 
Animal  formations,  384. 
Animal  Kingdom,  Table  of. 

Appendix  II. 
Animals    likely    to    become 

fossils,  494. 
Ankerite,  68. 
Annelide  tracks,  528. 
AnodorUa  Jukesii,  674. 
Anorthite,  76,  76. 
Anthophyllite,  74. 
Anthracite,  187. 
Anticlinal  curves,  192. 
Antrim,  Chalk  of,  667. 
Miocene  leaf-beds  of, 

689,692. 
Antwerp,  Pliocene  of,  700. 
Apatite,  87. 
Aphanite,  116. 
Apioerintts  Parkinaoni,  683. 
Apporrhais  Sowerbii,  671. 
Approximation  of  fossils  to 

living  forms,  603. 
Aqueous  rocks,  definition  of, 

92,  126,  181,  148. 


Aragonite,  68,  69. 
ArchoBoniaeui  Edwardsii,  644. 
Arctic  regions.  Oolitic  rocks 

of.  649. 
Arctic  shells  in  dajrs,  715. 
Arenicolitea  didyma,  628. 
Argillsceous  flagstone,  181. 

limestone,  133. 

sandstone,  127. 

Argyll,  Duke  of,  on  Miocene 

rocks  of  Mull,  687,  689. 
Arsenical  pyrites,  66. 
Art  of  Mining,  Chap.  XIV. 

quarrying,  180. 

Artesian  wells,  formation  of, 

196. 
Aaaphus  tyrannus,  534. 
Asbcstus,  74. 
Ash    (volcanic),    106.      See 

Trap-tuff. 

how  formed   in  vol- 
canoes, 347. 

Ashbumham  beds,  658. 
Ashdown  sand,  663. 
Aspidcrhynchus  FishtH,  644.  { 
Astarte  HartwelHensis^  640. 

obliquata,  698. 

Omalii,  697. 

Astrakanite,  67,  66. 

Atomic  weights,  10. 

wei^ts  of  elementary 

bodies,  17. 
Atoms,  definition  of,  9. 

quantivalence  of,  12. 

Atmosphere,  878. 

as  a  geological  agent, 

876. 

876. 

878. 
Atrypha  hemispherical  546. 

rtHctUaris,  649. 

Augite,  71. 
Augitic  rocks,  108. 
Australia,  barrier  coral  reef 

of,  419. 

Carboniferous  rocks 

of,  608. 

gold  reefli  of,  804. 

Oolitic  rocks  of,  649. 


destructive  eflfeots  of, 
reproductive  effects  of. 
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Aveline,  W.  T.,  on  Cambrian 

rooks,  525. 

on  Bala  beds,  536. 

on     Upper     Silurian 

rocks,  fi45,  556. 
Avicula  (Gtrviilia)    socialis, 

019. 

Damvumitfuis,  686. 

Danbyi,  652. 

decHSMta,  627. 

AviculopecUnpapyractuif  698. 
Aymestry  limestone,  558. 
Ayrshire  volcanic  rocks,  and 

trap-tuff  of,  696. 


Babbaob,  Mr.,  on  the  power 
of  water  to  move  bodies, 
400. 

«*  Backs'*  and  "  Cutters,- 
180. 

Baeulites  anetpt,  661. 

Bagshot  series,  679. 

Baity .  W.  H.,  on  Lower  Silu- 
rian fossils,  641. 

on  Old  Bed  Sandstone 

plants,  678. 

Bakevdlia  antiqua,  607. 

Bala  limestone,  mineral  iden- 
tity of,  oTer  wide  areas, 
168. 

and  Caradoc  group, 

686. 

beds,  section  of,  681. 

Bala'twphyllia  calyevlus^  698. 

Barrande,  M.,  on  marine  pro- 
vinces, 488. 

classification  of  Silu- 
rian rocks  in  Bohemia,  642. 
division   of  Silurian 


rocks  in  Bohemia,  669. 
parallel  of  Swedish  and 


Bohemian  SUurian  rocks, 

643. 
Barrier  coral  reef,  419. 
Barton  beds,  679. 
Barytes,  67. 
Basalt,  104,  866. 
alternation  of  beds  of 

in  Staffli,  277. 

columns  In.  181-8. 

prismatic  Jointing  of, 


181. 


veins  in  Cambrian  con- 
glomerate, 268. 

Basanite,  60. 

Bases  defined,  22. 

Basic  salts,  24. 

.  anhydrides,  68. 

Basins,  rock,  462. 

Basset,  186. 

Bastite,  78. 

Bath  Oolite,  681. 

Batt  (Carbonaceous  sbaleX 
136. 

Bavaria,  Lanrentian  rocks  of, 

.   625. 

Bear,  extinct  forms  of,  787. 

Beaumont's,  M.  Elie  de,  ob- 
jections to  subaerial  denu- 
daUon,482. 


Beds,  alternation  of,  167, 169. 
arrangement  in  tabu- 
lar lists,  168. 

classified  by  their  fos- 


sils, 602. 

deposition  of,  168. 

>  extent  and  termination 


of,  167. 

Interstratiflcation  of. 


167. 


length  of  interval  be- 
tween, 152. 

length  of  interval  be- 


tween groups  of,  156. 

limited  extension  of. 


159. 


relation,  extent,  and 
composition  of,  159. 

remarkable   example 


of  thinning  out  of,  160. 
their  contemporaneity 


on  the  same  horixon,  166. 
tilted  fh)m  horixontal 


to  vertical  positions,  329. 
BeUmniteUa  mucroncUa,  662. 
BelemniUa  ahbrtviatm,  638. 

elongahu^  627. 

hasUUus,  686. 

Belgium,  Carboniferous  rocks 

of,  601. 

Eocene  rocks  of,  684. 

Miocene  rocks  of,  695. 

Pliocene  rocks  o^  700. 

BeilerophiMi.  mtnitta,  667. 
BeUtn^f^ton  dikUatus,  660. 

tan^en/ioiu,  699. 

Bembridge  series,  682. 

Ben  More,  Mull,  thickness  of 

trap-rocks  of,  287. 
Biological  provinoes,  499. 
Biotite,  79. 
Bischof,   Chemical   Qeology 

cited,  61.  88,  96. 
on  amount  of  carbo> 

nate  of  magnesia  carried  by 

the   Rliine  into  the  sea, 

412,  no(«. 

experiments  on  con- 


traction of  rocks,  256. 

on     paeudomorphic 

metamoiphiam,  362. 

on  carbonate  of  lime 


in  water,  893,  note. 

summary  of  analysis 


of  river  waters  by,  897. 

Bitter-spar,  60. 

Black-band  ironstone  of  Ayr- 
shire, deposited  in  hollows 
of  volcanic  tuff,  696. 

Blaes,  180. 

Blow-holes,  formation  of,  in 
cliflk,  414. 

Blown  sand,  878. 

Bohemia,  Cambrian  rocks  of, 
629. 

Lanrentian  rocks  of, 

625. 

Silurian  rocks  of,  64% 

559. 

Bolderburg  Beds,  695. 

Bombs,  volcanic,  104, 281, 282. 


Bone-bed,  Rbatic,  614. 

extent  of,  158. 

Bone-beds  (^Iniian),  554. 
Botanical  regions  onder  the 

equator,  479. 
zones,   latitudes   of. 

480. 
Boucher  de  Perthes,  M.,  cited, 

733. 
BouA,  Dr.  A.,  cited,  732. 
Boulder-day,  703. 

beds  under,  702. 

Bovey  Tiacey,  Miocene  of, 

687. 
Bracklesharo  beds,  679. 
Bradford  clay,  033. 
Braunite,  64. 
Breaks  in   snocesskm,   496. 

497. 
Breccia,  126. 
Breunnerite,  60. 
Brick-earth,  732. 
Bridges    of    Boss,    Countr 

Clue,  196. 
Bristow,  H.  W.,  on  Purbeck 

beds,  643. 

on  Rhsetic  bods,  614. 

sections    in    I^Ie    of 

Wight,  651,  073. 

cited,  415,   635,  «3i. 


679. 
Britain,  lee-woro  •8i>ect  of. 

702. 
British      livers,       probable 

amount  of  sediment   dis- 
charged by,  428. 
sedimentary    strata, 

420. 
Bromo,  crater  of,  S62. 
BronUu*  JUtbeUijir,  563. 
Bronze  Age,  729. 
Bronzite,  72. 
Brooks  and  rivers,  mechanictl 

action  of,  upon  rocks,  397. 
Brown-spar,  70. 
Bulimv$  tUiptieu*^  68S. 
Bunter  sandstone.  Oil,  618- 
Burdidiouse  limestone,  684 
Bumti^and,  Fife,  boinbs  ia 

tuffat.28L 
Burren,  Co.  Clare,  limestoiie, 

162,  in,  6i»0. 


Cacholoko,  60. 
Cairngorm  stone,  69. 
Calabrian  earthquakes,  339. 
CaUunite,  74. 

Oalamit$$  oamm^fijrmis,  696. 
Calo  sinter,  66l 
Calcareous  deposits,  3S5. 

sandstone,  127. 

tnlk,8M. 

Coloeoto  aoadalino,  668. 
Calcic  sulphate,  06. 
Calciferous  sandstone  serlet. 

683. 
Caldte  or  Calo  spar.  68. 
Calheta,  difb  near,  S&a 
Calp,  689,  693. 
CalyiMiM  Blumtnbodkii,  650. 
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Camarophoria  erumena,  607. 

Cambrian  rocks,  thickness  of, 
526. 

period  In  Wales,  626. 

Canada,   lower  Silurian  sys- 
tem of,  643. 

CanoeUaria  emdaa,  681. 

Cannel  coal,  131. 

Caradoc  groap,  636. 

Carbon,  66. 

Carbonas,  303. 

Carbonate  of  magnesium,  69. 

—  of  lime,  estimate  of, 
in  sea- water,  411. 

Carbonates,  68. 

Carboniferoaa  limestone,  677- 
584,  689,  694,  696. 

overlaps  old  Red  Sand- 
stone, 284. 

resting  upon  granite. 


235. 


great  denudation  of, 
440. 

Carboniferons  period,  676. 

dry   land   in  Britain 

during,  678. 

Carboniferous  Slate  of  Ire- 
land, 585,  688. 

Carboniferous  system,  distri- 
bution of  fossils  in,  696. 

Cardiomorpha  oblonga,  698. 

Cardita  senilu,  697. 

Cardiwn  dUsimiU,  641. 

angiistatumf  698. 

Camelian,  69. 

Carter  on  geology  of  India, 
649. 

Cave  deposits,  780. 

Caves,  formation  of,  by  the 
sea,  414. 

Caverns  in  limestone  strata, 
458. 

— —  ossiferous,  780. 

Cavities   in  quarts  crystals, 


61. 


in  augite,  76. 


Cephalaspis  Lyellii,  669. 
Ceratites  ncdonu,  619. 
CerUhium  degaru^  683. 
Viuricaiumt  638. 

—  Portlandicwm,  641. 
Chalcedony,  69. 
Cbalk,  131,  660. 

. fossils  of  Lower,  661, 

662. 

fossils  of  Upper,  662. 

of  the  North  Atlantic, 

886,  418. 

—  resemblance   to   Car- 


boniferous limestone,  661. 
and       Carboniferous 


limestone,  scenery  of,  661. 
flints,  813,  660. 
marl,  660. 
fossils  of,  668. 


Cbalybite,  70. 
Chama  aqvamota^  680. 
Chara  nudioaginula,  683. 
Characteristic  species,  mean- 
ing of,  60S. 
Chemical  afflnity  defined,  8. 


Chemical  analysis  of  rooks,  96. 

changes  classified,  10. 

nomenclature,  18. 

Chemically  formed  rocks,  99. 
and  organically  formed 

aqueous  rocks,  131,  148. 
Chemistry,  definition  of,  9. 
Chenendopora      Jungi/omii, 

668. 
Cherry  coal,  187. 
Chert,  60. 
seam  of,  in  limestone, 

near  Dublin,  314. 
China  Sea,  deposits  of,  418. 
Chilon  Griffiihii,  546. 
Chlorides,  now  distinguished, 

19. 
Chlorite,  84. 
Chloritic  marl,  669. 

schist,  143. 

Chronological     classification 

of  large  areas,  501. 
nomenclature,  516. 


Chrysopras,  59. 
Circumdenudation,  hills   of, 

472. 
Citrine,  69. 

CladoduM  ttriatut,  600. 
Clay,  129. 
^— ^  iron-stones,  nodular, 

812. 

shite,  181. 

Cleat  of  coal.  178. 

Cleavage,  219. 

and  foliation,  difference 

between,  227. 

chief  laws  of,  44. 

of  crystals,  44. 

of  rocks,  142,  358. 

origin  of,  223. 

planes,   direction    of. 


221. 


planes,    superficially 
bent,  225. 

time  of  production  of. 


224. 

Clent  HOls,  section  of,  60a 
Cleveland  teap-dyke,  60  miles 

long,  266. 
Climate,    change    of,    since 

glacial  period,  789. 
^— ^  change  of,  proved  by 

palaontologv,  609. 

of  glacial  period,  701, 


716. 
CUmates,   land   and    ocean, 

478. 
Clinic  Systems   of  crystals, 

80. 
Clinkstone,  101,  111. 
Clunch,  180. 
Clyde,  Arctic  shell-beds  of, 

715. 

Firth  of,  740. 


Coal,  185-8. 
altered 


by   "white- 


rock  "trap,  262. 

-  destructive  distillation 


of,  by  trap,  262,  268. 

rendered     columnar. 


262. 


Coal,  face  of,  178. 

Coal-measures,  577,  584. 

great  denudation  of,  in 

Ireland,  440. 

"  Coal  seat,"  170. 

strata  beet  proved  by 

fossils,  152. 

Coohliodu*  etnUortui,  600. 

Coccosteus  dedpiens,  569. 

Ccelaoanthus  aranulosuSf  606. 

Calcpoma  CoUi,  677. 

Colloid  state  of  bodies,  48. 

ColumbeUa  guicata,  698. 

Common  salt,  66. 

endomorphs  of,  57. 

pseudomorphs  of,  57. 

Compact  limestone,  131. 

Compact  rocks,  how  deter- 
mined, 94. 

Composition,  laws  of,  8. 

Compound  bodies,  8. 

trap-dykes,  267. 

Compression,  table  of.  359. 

Concretions,  formation  of. 
370. 

in  rocks,  310,  316. 

Cone  in  cone  structure,  312. 

Conglomerate,  126. 

Conglomeratic  limestone,  133. 

mica-schist  or  gneiss, 

146. 

Contemporaneity  of  distant 
formations  difllcult  to 
prove,  500. 

Contemporaneous  erosion  and 
filling  up,  164. 

trap-rocks,  distribu- 
tion of,  in  space  and  time, 
285. 

trap-rocks  of  Britain, 


286. 

Contortions,  189.  358. 
due  to  subsidence  of  a 

curved  surface,  360. 

sometimes     inexpli- 


cable, 191. 

Conut  dcrmitcr,  680. 

CoomhoUi  grits,  586,  688. 

fossils  of,  687. 

Copper,  formula  of  oxides  of, 
13. 

ore  in  beds,  290. 

Coprolite,  659. 

Coral  rag,  667. 

reefo,  386,  741. 

consolidation  of  mate- 
rials of.  888. 

joints  in,  183. 

proof!  of  subsidence 


furnished  by,  334. 

Coralline  Crag,  696. 

Coralline  Oolite,  637. 

characteristic  fossils 

of,  638. 

Corbula  pimtm,  680. 

Cordierite,  82. 

Combrash,  characteristic  fos- 
sils of,  634. 

Comstone,  183. 

Cornwall,  granite  of,  newer 
than  that  of  Leinster,  245. 
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Conrndnm,  63. 

formula  of,  16. 

Crag,  690. 

Crania  landburgensis,  M2. 
CnusoteZto  mioota,  680. 
CretaceouB  period,  669. 

rocks  in  America,  669. 

rocks  in  France,  669. 

'—•  rocks  in  India,  669. 

rocks  in  Ireland,  667. 

rocks  in  Switzerland, 

667. 
rocks,  lie  and  position 

of,  in  feigland,  664. 

rocks,    outlying    de- 


posits of,  in  England,  666. 
CroU,  Mr.  James,  on  cold  of 

glacial  period,  722. 

cited,  418,  422. 

on      the     geologi<»l 

changes  produced  by  cos- 

miciu  causes,  445. 

on  the  retardation  of 


the  earth's  rotation,  828 
Cnuriaiui  semiplicata,  682. 
Cryptwion  anytttore,  677. 
Crypto-crystalline  quartx,  59. 
Cn^solite,  80. 
Crystals,  action  of  solvents 

on,  44. 

'  axes  and  sections  of, 

classification  of  forms 


20. 


of,  29 


cleavage  of,  44. 

density  of,  43. 

elements  of,  27. 

irrupted  with  tuff,  282. 

formed  by  fusion,  40, 

99  note. 

formed  by   sublima- 


tion, 40. 

formed  from  solutions. 


87. 


hardness  of,  44. 
imperfections  of,  41. 
optical  properties  of, 

other  co-ordinate  and 
crystall(^Tapbic  axes,  2& 
-relative   symmetry  of 


43. 


sections  of,  28. 

seven  systems  of,  80. 

simple  and  compoimd 


forms  of,  28. 
Crystalline  combination,  law 

of,  36. 

limestone,  131. 

or  crystalline-granular 

rocks,  94,  145, 149. 

volcanic  rocks,  100. 


Crystallisation  of  rocks,  89. 
Crystallised  quartz,  69. 
Crystallo-chemistry,  46. 

physics,  48. 

Crystallogenesis,  87. 
Crystallography,  27. 

principal  laws  of,  84. 

Crystallology,  divisions  of,  27. 
Ctenodonta  semiiruiuxUa,  636. 
CueuUcBa  Hardingii,  586. 


Cumberland,  Silurian  rodcs 
of,  540,  657. 

Cuniming  on  Old  Red  Con- 
glomerate of  Isle  of  Man, 
727. 

Cunningham,  Mr.  Hay,  on 
granite,  247,  note. 

Current-mark,  162. 

dimpled,  164. 

■      in    mica-schist,    164, 
note, 

Curtonotus  eiegans,  586. 

Cycadeoidea  miercphyUa,  644. 

Cydonema  ooralliiy  553. 

Cypridea  Faldensis,  652. 

Cyrvna  euneiformis,  677. 

etongatOf  644. 

medio,  652. 

ptOdtro,  688. 

Cyriocerae  approximaiwn,  546. 

Oesneri,  599. 


Daohstein  beds,  621. 
Darwin    on    "cleavage"    in 

South  America,  225. 
on  coral  reefs  as  proofs 

of  suteidence,  336. 

on  foliation  in  South 


America,  226, 

on  Galapagos  Islands, 


on   growth   of  coral 


489. 


reefs,  387. 

on  origin  of  species. 


hypothesis  of,   appU- 


486. 


cable  to  palaeontology,  507. 

Dawkins,   Mr.    Boyd,  cited, 
730,  781. 

Dawson,  Dr.,    on   Devonian 
Planto,  566. 

on  Carboniferous  rocks 

of  Nova  Scotia.  602. 

Delessite,  84. 

Denmark,  peat  of,  738. 

Kitchen  Middens  of, 

738. 

Dentaliwn  striatum,  681. 

Denudation  described,  420. 

accelerated     by     up- 
heaval, 437. 

.  as  a  measure  of  time. 


445. 


faults  eflbced  by,  441. 

lessened  by  depression 

of  the  land,  438. 
Marine,  435. 

Marine,    amount    of. 


small,  compared  with  sub- 
aerial  denudation,  436. 

Marine,  produces 


plains  and  Table-lands,  444. 
Marine,  restricted   to 


breaker  action,  438. 

original  outline  of  the 


earth's  surface  obliterated 
by,  448. 

plains  formed  by,  464. 

proved  by  truncation 


of  anticlinals,  439. 


Denudation,  remits  d,  438. 
subaerial.   as  eSected 

by  upheaval  and  depiiwiiiiii, 

436. 

subaerial.  greatest  <n 


slopes  and  in  vuleys,  4». 
suhaerial,  DuaasndbT 


rainfall.  429. 

subaerial,  measured  h; 


waste  of  the  surface,  42L 
subaerial,  M.  'Ebt  de 


Beaumont's  ol^jectioos  to, 
432 ;  answered,  431. 

subaerial,         uneqiul 


lowering  of  the  soif  ace  bj. 

429. 
Derbyshire  coalfield,  wtetim 

of,  580. 
Descloizeaux  on  hyptrtiha^ 

72. 
Destruction  of  species,  4S4. 
Determination  of  ro<d3,  hem 

alliected.  94. 
Deville's  and  Delesae's  expov 

ments   on    contractioa  of 

rocks  upon  cooliog,  367. 
Devitrification  of  bodies,  4S. 
Devon  (NorthX  order  of  rock> 

in,  563. 
(SouthX  Older  of  rocks 

in,  564. 
Devonian  Period,  562. 
rocks.  Jukes  on.  Ap- 
pendix, 762. 
Diabase,  115. 

tuff,  117. 

Diadasite,  73.  ■ 

Dialysis,  chemical,  geological 

phenomena  explained   bj. 

47. 
Diallage,  72. 
Diamautine  Carbon,  55. 
Diamonds,  their    oceurreDer 

in  rocks,  55. 
Diaspore,  62. 
Diastatite,  74. 
Dichroite,  82. 
Dictyonema  soeiaU,  53±. 
Didymofrapsu*    Murekimmii, 

534. 
Dingle  beds,  section  of,  573. 
promontory,    oblique 

lamination  in,  161. 
Diopside  or  white  aogite,  7L 
Dioijte,  146. 

Dip  and  strike  of  beds,  I8& 
Diplodus  gibbo$u*,  600. 
Dipteronotue  eyphu$f  615. 
Dirtbeds  of  Purbeck  rodcs. 

642. 
Distribution   of  plants   aad 

animals,  478. 
Disturbance,  repetition  of,  ia 

the  same  place,  191. 
Dolerite,  lOS. 

weathering  of,  377. 

Dolomite,  68-70, 134,  141,  S14 

weathering  of,  877. 

Domite.  101. 

Dorsetshire   oolitee,   aectlos 

of,  623. 
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Drew  on  Wealden  beds,  653. 

Drift  sand  and  eravul,  (06. 

Damont  on  Cmrbonifefoos 
rocks  of  Belgium,  601. 

Dn  Noyer  on  oblique  lamina- 
tion, 161. 

section  (flg.  83)  at  Old 

Leigblln  by,  169. 

sketch  at  Donnybrook 

Quarry,  182. 

^—  sketch  at  KiUiney  by. 


175,  24a 

sketch   near   Kinsale 


by,  190. 

sketch   near  Mallow 


by,  176. 

sketch  of  contortions 


by,  190. 

sketch  of  nnconform- 


ability  in  olilb  at  Water- 
ford,  283. 

Duration  of  species,  504. 

Dnrocher  on  the  difference 
between  ancient  and  mo- 
dem lavas,  286. 

Dust-showers,  880. 

Dykes  of  sandstone  in  trap- 
rocks,  276. 


Earth's  Axis,   changes  in, 
821,  note. 

sUbility  of,  820. 

speculations    on    the 

effects  of  changes  of,  321. 

Earth's  crust,  causes  ot  dis- 
turbance in,  326. 

upheaval  and  depres- 
sion of,  327. 

Bartiiqnakes,  distribution  of, 
348. 

eflfbcts  of,  340. 

extent   of  ground  af- 
fected by,  844. 

level  of  land  altered 


by,  842. 

of  recent  times,  745. 


Echinocyamus  ptuillus,  698. 

Echino»pfuerites  awtmHunt, 
637. 

Bchintu  oranuhmif  658. 

Woodvnrdii,  607. 

Ecloffite  (eklogite),  74.  148. 

Edinburgh,  continuity  of  vol- 
canic action  in  neighbour- 
hood of,  286. 

Egypt,  Eocene  rocks  of,  686. 

Eigg,  Sctir  of.  690. 

I^eoted  blocks  in  recent  vol- 
canic tuff,  282. 

in  sedimentary  strata, 

881. 

in  tuff,  280. 

ElsBolite,  77. 

ElementuT  bodies,  list  of,  17. 

Elvan  or  Elvanite.  110. 

Elvans  of  Cornwall  and  Lein- 
ster,  250. 

Emery,  63. 

Encrinug  liH/cmiB,  619. 

SndogeniUs  9ro9ii,  662. 


Endomorphs,  39. 

in  augite,  76. 

in  aragonite,  70. 

in  breunnerite,  71. 

in  cnlcite,  70. 

in  chalybite,  71. 

in  dolomite,  70. 

in  flnor-spar,  56. 

in  magnetite,  64. 

in  mica,  80. 

in  orthoolase,  78. 

in  quartz,  61. 

in  serpentine,  84. 

in  common  salt,  57. 

in  gypsum,  67. 

in  pyrites,  65. 

in  sulphate  of  barium, 
67. 
English  CThannel,  sedimentary 

deposits  of,  418. 
Enstotite,  72. 

Eocene,  definition  of  word, 
670. 

period,  670. 

strata,  former  extent 

of,  672. 
series,  groups  of,  678-4. 


Lower,  fossUs  of,  676-7. 

Middle,  679. 

Upper,  682. 

erratic  blocks,  728. 

rocks  of  Fnmce  and 

Belgium,  684. 
Rozoon  Canadense,  625. 
Bpidote,  81. 
Equations,  chemical,  12. 

examples  of,  15. 

Erosioi^     contemporaneous, 

164. 
of  rock-basins  by  Ice, 

463. 
of   surface,    various 

rates  of,  427. 
Erratic  blocks,  718. 
Eruptive  rocks,  92. 
Escaipments  as  proof  of  de- 
nudation. 489. 

origin  of.  47- 

Eskers.  706,  710.     ^^ 
EuomphcUus     peniangulatu$, 

598. 

di$eor$,  549. 

Evans,  Mr.  J.,  cited,  753. 
Everest  on  the  Ganges,  401, 

424. 
Excentricity  of  earth's  orbit, 

effect  of,  on  climate,  722. 
Exogyra  cohmiba,  658. 

Hnuaictf  656, 

virpulaf  640. 

Extinct  forms  never  re-ap- 


pear, 505. 
volcanoes 


of  Central 


France,  354. 
Extinction  of  species,  504. 
&araoriKUg  Brianu$f  626. 
Eye-stones,  60. 


Fack  or  cleat  of  coal,  187. 
False-bedding,  160. 

3d 


Faluns,  698. 

Faults  or  dislocations,  198. 

varieties  of,  199. 

without  distortion,200. 

with     distortion     of 

beds,  201. 

effects  of,  on  inclined 


beds,  203. 

longitudinal  or  strike 


207. 


single  line,  208. 

compound,  210. 

step,  211. 

inclhied.  211. 

reversed,  212. 

reason  of  rule  as  to 

throw  of.  212,  214. 
trough,  214,  216. 

connection     between 


contortions  and,  217. 

vertical  extension  of, 


217. 


connection    of,    with 
igneous  rocks,  218. 

due  to  elevation  of  a 


curved  surface,  359. 

surface  effbcts  of,  ef- 


faced by  denudation,  441. 
Tale  and   Bala,   537 


note. 

Felspar,  75 ;  classified,  77. 

Felspars  as  pseudomorphs  of 
zeolites  and  leudte,  86. 

Felsnathic  character  of  the 
older  trap-rocks,  288. 
■  sandstones,  127. 

traps,  107. 

Felstone,  lOa 

tuff,  116. 

FeneeUlUx  reti/ormis,  607. 

Ferric  oxide,  62. 

Ferrosoferric  oxide,  62. 

Fiorite,  pearl-sinter,  60. 

FirecUy,  130. 

Firestone,  658. 

Firths,   submeiged    valleys, 
834. 

fields,  remnants  of  old  sea- 
bottoms,  466. 

Fjords,  submerged  land-val- 
leys, 459. 

Flagstone,  129. 

Flat  veins,  298. 

Flints,  60. 

implements,  788-6. 

Floors  of  tin  ore,  808. 

Flows  of  trap-rock,  278. 

relation  of,  to  over- 
lying rocks,  275. 

consecutive  groups  of, 


276. 


Fluidity  of  interior  of  the 

earth,  828. 
Fluorides,  56. 
Fluor-spar,  56. 
FolUUon,  142,  219,  225. 
Foliated  talc,  88. 
Foot,  Mr.  F.  J.,  on  Joints  of 

County  Clare.  178. 
Footprints  of  Ldbyrlntkodon 

giffanUvm,  615. 
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Forbes,  David,  cited,  90. 
Forbes,  Edwaotl,  on  Eocene 

rocks,  086. 
on  Miocene  flora  of 

MuU,  688. 

on  moUusca  of  Glacial 


period,  716. 

on    Ilfe-sones  of  the 

480. 


Forest  bed,  702. 

marble,  characteristic 

fossils  of,  634. 

Forests,  submerged,  740. 
Form,  laws  of,  in  minerals, 
36. 

—  of  the  earth,  318. 

Formations,  their  contempo- 
raneity diffloalt  to  prove 
when  distant,  500. 

sometimes  mean  pe- 
riods, 517. 

Formnlie,  chemical,  IS. 

deflnition  and  exam- 
ples of,  16. 

Forth,  Firth  of,  740. 

Fossiliferoos  Trap-taflr,  288. 

Fossils,  nature  of,  476. 

modes  of  occurrence, 

495. 

—  different  in  different 
rocks,  497. 

causes  of  changes  in 


dlstribuUon  of,  499. 

their  practical  import- 


ance, 511. 

in  polar  re^ons,  510. 


Fossil  wood  in  tuff,  282. 

Fragmental  trappean  rocks, 
115. 

volcanic  rocks,  106. 

France,  Oolitic  rocks  of,  647. 

Eocene  rockaof,  684. 

Miocene  rocks  of,  695. 

Franklinite,  63. 

Freshwater  (lacustrine)  Lime- 
stone, 182. 

Frost,  geological  effects  of, 
405. 

Fuchsite,  79. 

Fuller's  earth,  630. 

Fnnchal  Point,  dykes  in  tnff 
near,  351. 

Fusion,  how  crystals  are 
formed  by,  40. 

Fusttt  longcevus,  680. 


Oahnitb,  62. 

Galapagos  Islands,  plants  of, 

488. 
Oalerites  aJbogaUnUf  662. 
Ganges,  characteristic  fossils 

of,  403. 
mineral  matter  carried 

into  the  sea  by,  424. 
Garnets,  80, 148. 
Gault,656. 
characteristlo   fossils 

of,  656. 
Geikle,  Prof.,  sketch  of  fola- 

tion  of  mica-schist  by,  227. 


Geikie,    Prof.,    remarks    on 
geological  time,  509. 

on  Cambrian  and  Meter 

morphio  rocks  of  Scotland, 
523. 

Silurian  rocks  of  Scot- 


land, 540,  558. 

-  Miocene  volcanic  rocks 


of  Mull,  689-692. 

Scottish  gladal  phe- 


nomena, 703. 

Boulder  clay,  704, 706. 

Karnes,  718. 

ayde  beds,  716. 


Geikie,  Mr.  James,  cited,  383, 
740. 

Generic  centres,  491. 

as  effected  by  geologi- 
cal change,  493. 

Geognosy,  3. 

Geographical    limitation    of 
plants,  487. 

of  animals,  489. 

distribution  of  species 

In  past  tim^  498. 

Geology,  restricted  meaning, 
2. 

Geological  action  oi  plant  and 
animal  life,  381. 

knowledge,  how  ac- 
quired, 514. 

surveying,  749. 


Geolc^cal  time,  restricted  by 
physical  causes,  447. 

viewed  palsaontologi- 

cally,  508. 

divided  Into   forma- 
tions, 518. 

Germany,  Devonian  rocks  of, 
665. 

Carboniferous  rocks 

of,  601. 

Permian  rocks  of,  610. 

Trias  of.  618. 

Oolitic  rocks  of,  647. 

Miocene     rocks     of, 

695. 
GerviUia  anoept,  665. 
Geyserlte,  60. 
Giant's  Causeway,  692. 
Qibbsite,  62. 
Girvan,  pseudo-igneous  rocks 

of,  369. 
Glacier  mud  in  rivers.  408. 
Glaciers,  geological  effects  of, 

407. 

in  Britain,  717. 

proofs  of,  717,  7ia 

Glacial  Deposits,  Fossils  of, 

719. 

of  Britain.  70. 

Northern  Europe,  720. 

Alps,  720. 

Switzerland,  720. 

India.  720. 

fS.  America,  720.  ^ 

Glacial  Period,  701. 
— -^—  climate  of,  737. 
cause  of  cold  of,  721. 

-  intercalated  warm  pe- 
riods in,  70A. 


Glacial  Period,  msminah  of 

704,706,  719. 

changes  ainee,  TSl 

GUssy  state  of  bodies,  47. 
Glauberite.  66 
Glengariff^grita,  sectMB  of. 

585. 
Gneiss.  144. 
distinguished       fnai 

granite,  144. 

becoming  granite  b 


the  Alps.  144. 
Godwin  Austen  on  granite  m 

chalk,  661.  728. 
Gold,  occurrence  of,  Sf&. 

reefs  of  Australia,  3M. 

GcmiatUr  Farkinmmi,  <X^ 
Goniatit€*  LisUH,  599. 
Goniomya  literata,  63S. 
GoniopkoUi  cftttftrfnn,  644. 
Gothite,  63. 

pseudomorphs  d,  64. 

Granite,  descriptioa  of.  12L 
mineralogical 

tution  of,  122.  123w 

metamon>hic,  148. 

veins,  248. 

graphic,  1^ 

relations  of,  to 


morphic  rock,  366. 

depths       at       which 

formed,  367. 

weathering  of,  S77. 

fragment     in     duiSk, 


66L 


239. 


Granitic  or  hypogenooj  n^s, 

120,  145,  149. 
viewed  as  rock  manes, 

239. 

no  prineral,  known, 

position  and  form  of; 

240. 
fragments  of,  in  Ckr- 

boniferous     limeatooe    of 

County  Dublin.  133. 

of  Don^pd.  123. 

of   Leinster,  irrupted 

throu^     Cambrian      and 

Lower  Silurian  rocks,  242L 
of  Letnstor,  bonlend 

in    the    mica-achial  and 

gneiss,  242. 

supposed  to  fonn  axis 


of  mountain  chains,  241. 
of  Devon  and  CumwaU 


irrupted  into  Carboniftioas 
rocks.  244. 

of  the  Pyrenees,  245. 

more  associated 


old  than  now  rocks.  ^46. 
Hay  Cunningham  on. 


247,  note. 

gold  in,  305. 

ooncretions  in.  Sift. 

contraction     of. 


cooling,  256. 

Granular  rock,   how   deter- 
mined, 94. 

Granulite,  143. 

Graphic  granite,  134. 
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Graphite,  its  ocoorrence  in 

rocks,  60. 
Graptdithtu  priodon,  552. 
Gravels     wnh     mammalian 

bones  and  flint  implements, 

732. 
Greenland,  climate  of,  723. 

Miocene  plants  in,  t$95. 

sinking  of  coast-line 

of,  333. 
Greensand,  654. 
-^—  characteristic    fossUs 

of,  050. 
Greenstone,  112. 

tuff,  117. 

Oreywacke,  189. 

Grey  wethers,  Sarsenstones, 

676. 
Griffith,  Sir  R.,  cited,  573, 

692. 
Gresdya  pertgriva,  688, 
Gritstone,  126. 
OiyphcBa  incurva^  627. 

d«otato,636. 

Gulf-stream,  724.  ^ 

effect  of  deflection  of, 

726. 
Oypsnro,  66,  67,  134,  815. 


<*  Hadb"  of  a  flftult  or  vein, 

233. 
Hall,  Sir  James,  experiments 

upon  trap-rocks   by,  267, 

note. 
HAllstatt,  fossils  of,  620. 
HamiUs  attenuatus,  657. 
Harlech,  Cambrian  fossils  at, 

528. 
Hastings  beds,  653, 
Haoghton,  Rev.   Mr.  8.,  on 

analyses  of  felstone,  109. 
Hausmannite,  64. 
Hanyne,  7& 
Headon  series,  679. 
''Heathen  coal,"  extent  of. 

158. 
Heer  on  Miocene  flora,  688. 

695. 
Heliotrope,  59. 
Helix  D'Urhani,  683. 
Hematite,  63,  290. 
■  psendomorphs  of.  64. 

Hermiciaaria  minor,  681. 
Hempstead  series,  683. 
Hennessey     on     terrestrial 

climate,  511.  noU. 
Hen  wood,    Mr.,    on    lodes, 

301. 
Hepatic  pyrites,  66. 
Hercinite,  62. 

Herefordshire,  Old  Red  Sand- 
stone of,  570. 
Herschel  on  effects  of  earth's 

exoentricity,  721. 
Heteromerism,  46. 
Hexatomic  metals,  58. 
Hills  of  Accnmnlation,  468. 
of  Circnmdenudation, 

472,  478. 
of  Uphearal,  459,  471. 


Hills  formed   by  subaerial 

denudation,  443. 
Hippopodium      ponderoiwai, 

627. 
Ui3tioderma  Hibemicum,  528. 
Holocyttis  eUgans,  655. 
Holopcea  concinrut,  536. 
Homoeomorphism,  46. 
Homotaxis,  500,  note. 
Hooker,  Dr.,  on  the  increase 

of    land   oy  the   Ganges, 

404.  ^ 
on  donbtfol  evidence 

from  plant  remains,   649, 

note. 
Hopkins,  Mr.  W.,  on  the  laws 

or  fracture  of  the  earth's 

crust,  217. 
on  the  power  of  water 

to  move  bodies,  400. 
Hofloparia  Bellii,  676. 
Horizons  in  Geology  deter- 
mined by  fossils,  602. 
Hornblende,  16,  73,  112, 148. 
Homblendic-schist,  143. 
Homstone,  60. 
Horses'  backs  in  coal  beds, 

162. 
Hudsonite,  72. 
Human  period,  729. 
Humphreys  and  Abbot  on 

amount  of  sediment  in  the 

Mississippi  river,  401.  424. 
Hutton  on  unconformability, 

233. 
granite     veins     first 

studied  by,  248. 

the  geological  import- 


ance  of  the  circulation  of 

water  over  the  surface  of 

the  land   first  recognised 

by,  891,  note. 
Huxley  on  Homotaxis,  500, 

note. 
Synopsis    of    Animal 

Kingdom  by.  Appendix  II. 
Hyalite,  60. 
Hyalosiderite,  80. 
Hydraigyllite,  62. 
HydrauUo    limestoOfes,    60, 

133. 
Hydrophane,  60. 
Bymtnoearis  wrmieauda,  682. 
Hypersthene,  72. 
Hypersthene  rock,  118, 146. 


Ice  as  a  geological  agent. 
405. 

of  glacial  period,  708. 

Icebergs  as  geological  agents, 
416. 

Ice-cap,  832,  note. 

Ice-foot,  geological  effects  ot, 
416. 

Iceland  spar,  68. 

Igneous  rocks,  [deflnltiou  of, 
92. 

olassifleatlon  of,  ac- 
cording to  composition,  97, 
147. 


Igneons  rocks,  classification 

of,  according  to  formation, 

98. 

characteristics  of,  98. 

metamorphism  of,  869. 

supposed    connection 

between,  and  metalliferous 

veins,  872. 
Igvanodon  ManlMii,  652. 
llkenua  DaviHi,  537. 
Imperfection  of  the  geological 

record,  498. 
Imperfections  of  crystals,  41. 
India,  coalfields  of.  603. 

Oolitic  rocks  of,  649. 

Eocene  rocks  of,  686. 

Miocene  fossils  of,  094, 

695. 
Inoceramui  mieahu,  657. 

Lamarckii,  662. 

mytihideM,  661. 

Interval,  length  of,  between 

beds,  152. 
between     groups     of 

beds,  156. 
Invariability  of  the  angles  of 

crystals,  84. 
Inversion  of  beds,  195. 
lolite,  82. 
IreUnd,  cleavage  in  south  of, 

221. 
successive  unoonform- 

abilities  in,  233. 

denudation  of  central 


plains  of,  440. 

Cambrian    rooks    of. 


627. 
55a 


SUurian  rocks  <rf,  641, 

Old  Red  Sandstone  of. 

Carboniferous      lime- 
stone of.  589. 

Coal-measures  of.  591. 

-Fossils  of  coal-measures 


571. 


of,  592. 

Carboniferous    forma- 


tions of  north  of.  692 

Permian  rocks  of.  609. 

Triassic  rocks  of,  612. 

Rhwtic  beds  of,  615. 

New  Red  Sandstone  of. 


617. 
669. 


Cretaceous  rocks  of, 

Miocene  rocks  of,  692. 

glacial     deposits    of, 

707,  714. 
Iron,  formulae  of  oxides  of,  15. 

foam,  64. 

oxides  of,  62. 

sand,  654. 

Iron-age,  729. 

iKutraa  oUonga,  641. 

Isogonism,  46. 

Isomorphism,  46. 

Isothermal  lines,  484. 

Itacolumite,  127. 

Italy,  Miocene  rocks  of,  696. 

Pliocene  beds  of,  700. 

Ittnerite,  78. 
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Jarbow  Colusbt,    reptiles  ' 

of,  601. 
Jasper,  60. 
Jet,  187. 
Joints,  cnboidal  or  qoadran- 

golar,  174. 

in  limestone,  176. 

in  granite,  17ft. 

master,  176.     • 

open  and  close,  177. 

sucoessive    formation 

of,  177. 

in     Burren,     County 


Clare.  177. 

dip  and  strike,  180. 

prismatic,  180. 

stmcture,    oaose    of, 


erosion    oansed     hj. 


183. 

185. 

Jnkes  on  Devonian  rocks, 
769. 

Jura,  section  of,  469. 

mountain  beds  form- 
ing, 646. 

Jurassic  period,  622. 


KiKSSKK  beds,  621. 
Kames,  706,  710,  712. 
Kaolin.  87,  ISO. 
Keuper  series,  611,  620. 
characteristic     fossils 

of,  620. 
Kimeridge  clay,  639. 
Kinahan  on  reversed   fault, 

213. 
Kinsale,     oontoitions    near, 

190. 


L^BRADOHniB,  86. 

Labyrinthodon  giganteuiK,  615. 
Lacustrine  limestone,  132. 
Lake-basins  how  formed,  460. 
Lakes  in  rock-basins,  462. 
Lake-dwellinffs,  738. 
Lamin«,  thickness  of,  150. 
Lamination,  160, 160. 
LcuMui  eUgans,  677. 
Lancashire,  coalfield  of,  680. 
—  Permian    rocks     of, 

605. 
Land,  erosion  of,  by  the  sea, 

413. 

depression  of,  882. 

— ^—  level  of,  permanently 

altered  by  earthquakes,  342. 
Landslips,  remarkable,  396. 
Llandeilo  flags,  533. 
lispilli,  105. 

in  trap-tuff,  280. 

Lapse   of   time   marked   by 

planes  of  stratification,  151. 
Lugo,  Fifeshire,  fossil  wood 

in  tuff  of,  282. 
Lateral  change  in  lithological 

character  of  beds,  170. 
pressure,  source  of,  in 

dislocations,  216. 
Laurentian  period,  528. 


Lava  streams,  347. 

ooulto  resting  on  tuff, 

Naples,  348. 
siliceous    and    basic, 

349. 
dykes  and   veins  of, 

350. 
Law    of    approximation    of 

fossils  to  living  forms,  50a. 
Laws  of  form  in  crystals,  26. 
Lead,  waste  prevented  by  long 

chimneys,  371,  note. 
Leberkies,  65. 
Lepidodendran  degans,  696. 
Lepidolite,  79. 
Lepidomelan,  or  black  mica, 

79. 
Leptolepis      maarophthdtmmSf 

686^ 
Leptynite,  148. 
Leucite,  77. 
Lias,  613,  624. 

breaks  in,  614. 

characteristio     fossils 

of,  626. 

foreign  equivalents  of. 
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Lichas  Hibemicus,  587. 
Lignite,  186. 
lAma  oardiift)nni$i  681. 
— —  Hopcri,  661. 
Limestone,  181, 132, 133. 

hydraulic,  138. 

carbonaceous  or  Uto- 

minous,  13. 

fetid  or  stinksteln,  138. 

arenaceous,  132. 

conglomeratic,  133. 

magnesian,  134. 

altered,  140. 

remarkable   thickness 


of,  167. 

weathering  of,  871. 

marine,  of  organic  ori- 


gin, 412. 

Great  Scaur.  582. 


Limnea  lonffiscata,  683. 
Limonite,  63. 

pseudomoiphs  of,  64. 

Lingula  flags,  631. 
LingMJdlaDavisii,  532. 
Linlithgow,  fossil  wood  in  tuff 

of,  282. 
Lipari,     ^ected     stone     in 

trachyte  tuff,  282. 
LUharea  Websteri,  680. 
Lithology  explained,  6, 

based  on  minendogy, 

7. 
LithottroHon  affine,  596. 
LituiU$  Hibernieua,  636. 
Llandovery   Rocks,    Lower, 

539. 

Upper,  644,  646. 

fossils,  546,  547. 

Loam,  130. 

Local  terms,  advantages  of, 

129,  note. 

for  sandstone,  129. 

for  fonns  of  ground, 

129,  noee. 


Lodes,  290. 

Intersection  of.  901 

Loess,  731. 
London  clay,  676. 
Longroynd  rocks,  talde  a&d 

secUon,  526. 
Loop  Head,  Co.  Clare,  oai- 

clinal  curves  in,  196.  J 
Loihians.  fossils  in  tnp-tofii 

of,  282,  283. 
Loughshinny,feantoitiau  at, 

190. 
Lower  LimesUme  Shale,  577. 

589. 
LomHewtafatciahim,  607. 
Lubbock,  Sir  John,  cited,  730. 

738. 
Lucina  Pcrtiamdiea^  641. 
Ludlow  group,  562;  fossils, 

652,  563,  564. 
Lydian  stone.  60. 
Lyell  on  the  mammalia  of  the 

Stonesfield  Oolite,  507. 

on  Miocene  foesib^  6B8. 

on  Eocene  Bocks,  6W- 

cited,S58,393,Sd6.S9i 

401,  403,  415,  493,  5U.  721, 

731,  733,  788. 


MaeroektUM$9ifWtmetriem*,  607. 
Maetra  eonstricta,  696L 
Maesta^oht  chalk.  664. 
Magnesian  hydrous  silieates, 

limestone,  S14. 

Limertone  fonoatixm, 

607. 
Magnesite,  69. 
Magnetic  pyrites,  66l 
Magnetite.  63. 

pseudom<Mpb8  of,  64. 

MidoUca.  132. 

Mallet,  Mr.,  on  earthquakes, 

338,745. 
Mammalia     in     Btnwsfleld 

Oolite,  506w 

Eocene,  679,  682,  684. 

Miocene,  6W. 

Pliocene.  699.  TOOi 

of  Glacial   Deposits, 

704. 
of  FaUeoUtMc  Dspo- 

sits,  737. 
Mammaliferoos  en^  699L 
Mammoth,  704,  706,  731,  733. 
Man,  earliest  reootds  o^  729. 
Manganese,  64. 
Manganite,  64. 
Marble,  69  140. 
Marcasite,'64.  66. 
Maroou  on  tiie  Jura.  646L 
on  correlation  of  Oolite 

and  Jurassic  series.  647. 
on   Oolitic  rocks  cf 


North  America,  648. 
Marine  denudation,  415,  416 
— — —  ftliFP<tt*w^  483. 
Mari,  69, 130,  384. 
Marls  in  Chalk,  669. 
Marl-slate,  13L 
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If  arl-sUte  Formation  (Per- 
mian), 606. 

Marlstone,  625. 

Manupites  omMhu,  662. 

Martensite,  67. 

If atagenic  twin  crystals,  42. 

MayhtU  sandstone,  646. 

Mechanical  pseadomorphs, 
51. 

Heclianioally-formed  rocks, 
90,  126, 148. 

Heerschaom,  83. 

Heionite,  81. 

Ifelaphjrre,  114. 

Henelite,  60. 

MerUUUa  anguati/nma,  546. 

Jleta-acids,  21. 

of  silica,  68. 

Metallic  ores  in  beds,  200. 

Metalliferous  veins,  292. 

of  the  North  of  Eng- 
land, 293. 

Metamorphic  rocks^  howr  deter- 
mined, 96,  188,  148. 

age  of,  146. 

concretions  in,  817. 

Metamorphic  poiphyries, 
142. 

granite,  146,  246. 

Metamorphism,  influence  of 
pressure  on,  364. 

influence   of  heated 

water  on.  364. 

■ production  of  foliated 

rocks  by,  866. 

. cycles  of,  868. 

.  of  igneous  rocks,  869. 

possibly       connected 

with  volcanic  action  in  the 
Hebrides,  691. 

Ifetamorphosed  arenaceous 
rocks,  139,  148. 

argillaceous  rocks,  140, 

149. 

calcareous  rocks,  140, 

149. 

If  etamorphosis,  60,  860. 

If eyen  on  botanical  regions, 
479. 

Miascite,  146. 

Mica,  78. 

schists,  142. 

Micaceous  sandstones,  127. 

Michaelite,  60. 

Michelinia  favosa^  597. 

Miorabacia  ooronuUif  668. 

MicrasUr  cor-anauinum,  662. 

Microscopic  analysis  of  rocks, 
96  ;  see  note,  96. 

Millstone  grit,  677,  581, 684. 

Milne  Home,  Mr., on  Karnes, 
713. 

Mineral,  definition  of,  7. 

veins,  290. 

Mineralogy,  7. 

Mining  terms,  explanations 
of,  306. 

Miocene  Period,  687. 

fossils,  693. 

glaciers,  728. 

Mispickel,  66. 


Mississippi,  sediment 'carried 
yearly  to  sea  by,  401. 

amount  of  sediment 

in,  424,  426, 

rate  of  denudation  in 


basin  of,  427. 

Mitra,  range  of,  493. 

Mitscherlich's  theory  of  iso- 
morphism, 46. 

Modiota  Macadami,  586. 

Modioilopiia  expanaa^  636. 

Moel  Tryfaen,  shells  on,  706. 

Molecular  weight,  11. 

allotropisro,  49. 

Molecules,  their  constitution, 
how  represented  by  for- 
mula, 26. 

definition  of,  9. 

Molluscan  tracks,  628. 

Morion,  69. 

Moriot,  M.,  cited-  788. 

Moselle,  valley  of,  formed  by 
erosion,  467. 

Mud  and  Mudstone,  131. 

Mull,  Miocene  leaf-beds  and 
volcanic  rocks  of,  687. 

Mundic,  64. 

Murchison,  Sir  R,  on  Lan- 
rentian  rocks,  623. 

Cambrian  rocks,  524. 

Silurian  System,  630, 


669. 
566. 


Old  Red  Sandstone, 
Permian  rocks,   605, 


610. 

Murex  cuper,  680. 
Muscovite,  78. 
Muschelkalk  fossils,  619. 
Myacites  decurtata,  633. 
Myophoria  imZyom,  619. 


Naples,     section     of    lava 

couUeaiy  84& 
Nasaa  Tttieoaa^  698. 

ambulacruin,  681. 

ekgans,  641. 

henidaiuoy  698. 

Natural  selection  applicable 

to  palaeontology,  507. 
Naumann's  definition  of  mela- 

phyre,  114. 
Nautilus  biangvicUuB  or  oari- 

natus,  699. 
hexagoiuUis   or  Wdor- 

talis,  619. 

itnperialU,  677. 


Necks,  vents  of  extinct  vol- 
canoes, 268. 

composition    of,    269, 

270. 

adjacent    strata    dip 

into.  269. 

ground-plan  of  a  vol- 


canic, 271. 

Needle-iron  ore,  63. 

Negative  evidence  untrust- 
worthy in  palaeontology, 
506. 

Neocomian  beds,  668. 


Neolithic  deposits,  788. 
Nepheline,  77. 
Nerxncea  VoUaii,  631. 
Nettlestone  grits,  680.  * 
Newfoundland,  coal-measures 

of,  601. 
New   Red   Sandstones,   606, 

611,  616. 
rocks,    unconformabi- 

lity  of,  616. 

foreign  localities    of, 


618. 


New  South  Wales,  carbonifer- 
ous rocks  of,  608. 

Nipadites  umiiimatuSt  676. 

Nodules,  812. 

Non-magnesian  hydrous  sili- 
cates, 86. 

Normal  salts,  23,  24. 

Norwich  Crag,  699. 

Nosean,  77. 

Notations,  12. 

Nova  Scotia,  Carboniferous 
rocks  of,  602. 

Nuggets,  largest  found,  804, 
note, 

NumrnulUei  Icevigatut,  680. 


Oaze,  386,  4ia 

Obsidian,  102. 

Ocean  (see  also  Sea),  effects 

of  earthquakes  on,  841! 
•  influence  on  climate. 


413. 


conservation   of  land 


by,  446. 

currents,  488. 


Ogygia  Bucfcit,  684. 

OU-shale,  138. 

Old  Red  Sandstone  defined, 

616. 

period,  562,  666. 

evidence  of  ice-action 

in,  727. 
Oldhamia  aiUiqua^  528. 

radiata,  628. 

Olemu  micruruSf  532. 

Oliva  Branderi,  681. 

Olivine,  80. 

Omphyma  turbinatuMf  549. 

Onyx,  69. 

Oolite,  131. 

formations,  maximum 

thickness  of,  623. 

characteristic   fossils 


of  Inferior,  680. 

characteristic   fossils 


of  Great.  632. 
Oolitic  Period,  622,  628. 
Opal,  60. 

Ophioderma  Egertoni,  626. 
OphioUte  or  Ophite,  142. 
Ophiura  Wetherdlii,  676. 
Optical  properties  of  crystals, 

43. 
Ores,  deposition  of,  In  closed 

cavities,  291. 
Organically-formed  rocks,  91, 

181, 14& 
Origin  of  species,  485. 
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Origin  of  Barfttoe  oafUnM  <^ 
the  earth,  448. 

Original  outlines  of  theeertli't 
surface  obliterated  by  de- 
nudation, 448. 

Orodus  ramosuSf  000. 

OrthlG-acids.  21. 

of  Rilica,  58. 

sTKtema  of  crystals,  80. 

OrthU  alata,  684. 

JUibeUulum,  63«. 

eleganhiia,  536. 

— — —  TtVtTtd,  546. 

lunata,  652. 

rempinoto,  698. 

Orthoceras  annu/ohtm,  560. 

huUatuji^  553. 

Orthoclase  felspars,  75,  76. 
Osborne  SeWw;  680. "^ 
Oscillations  of  level  of  land 

since  Glacial  Period.  740. 
Ossiferous  caverns,  origin  of, 

894. 
OOrxm  fiaheOoidB*,  629. 

fiabeUula,  680. 

Otodus  ohliquus,  677. 
OtopttrU  obtuta,  626. 
Outcrop,  186. 
proof  of  denudation, 

188,439. 
Overlaps,  237. 
Oxford  clay,  636. 
Oxides,    how   distinguished, 

19. 
occurring  as  minerals, 

57. 

of  iron,  62. 

Oxygen,    its    abundance 


mmerals,  52. 
Oxy-salU,  23. 


in 


Pacipic  Ookak,  deiKMits  of, 

418. 
Palotchinns  spJuericu^  599. 
Paioeocoma  Colvini,  553. 
PtUcBonUeus  comphu,  606. 
Pabeolithic     deposits,     780, 

737. 
Palaeontology,  5,  476,  478. 
Paludina  Jluviorumt  662. 

orbicularis,  683. 

Paracyathua  caryophyUu8t67(i. 
Parsgenio  twin  crystals,  42. 
ParallelLsm  of  the  fisoes  of  a 

crystal,  34. 
Paramorphosis,  50. 
Pargasite,  74. 
Passes  or  gaps  in  mountains 

formed  by  denudation,  469. 
PaUUa  latissina,  640. 
Paulite,  73. 
Pearl  stone,  101. 
Peat  mospes,  888,  788,  789. 
Pecten  lameUotus^  641. 

nitidua,  662. 

Peotwieidiu  tubUgvit^  658. 
Pegmatite,  124. 
Peliom,  82. 

Pennant  sandstones,  577. 
Pennarth  Beds,  618,  614. 
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nations  of  beds,  168. 
"  Geology    of    York- 
shire,** section  fh>m,  172. 

on  cleavage  of  Bnow- 

don,  228. 

on    travelled    blocks, 


714. 


Yorkshire  Oolites,  685. 
PhUHpsia  jm^ukUa,  599. 
Phlogobite,  79. 
Pholodomyafidicula,  629. 

lyrata,  633. 

PhonoUte.  101,  111. 
Phospliatic  nodules,  813,  659. 
Phosphorite,  87. 
Pkragmccera*      vtiUrieotum, 

553. 
Physiography,  448. 
Pinite,  82. 
Pinna  affinis,  677. 
Pipe  veins,  297. 
Pisolite,  182,  142. 
Pisolitic  chalk,  664. 
Pitchstone,  110. 
Plagioclase  felspars,  76. 
Plains,  origin  of,  464. 
produced   by   marine 

denudation,  444. 
Plants,  destructive  action  on 

rocks,  881. 


Pennine  (chlorite),  84. 
Pennine  Chain,  579. 
Peniaerintu  sub-bamUH/ormi^ 

676. 
Pentamems  beds,  580. 

KnighHi,  552. 

oblongut,  546. 

Ptntremites  Dm-bientiSj  699. 
Perieehocrintu   vtoniltjormis, 

550. 
Peridote,  80. 

Perimorphs  of  aragonite,  71. 
anhydrite,  67. 

augite,  75. 

breunnerite,  71. 

calcite,  71. 

chlorite,  85. 

dolomite,  71. 

garnets.  81. 

fluor-spar,  56. 

magnetite,  63. 

mica,  88. 

orthoclase,  77. 

specular  iron,  63. 

sulphate  <tf  barium,  67. 

quartz,  61. 

Periods  defined,  5ia 
Permian  Period,  606. 

evidenoe  of  ioe^ction 

in,  727. 

volcanic  necka  of,  270, 

610. 
Persistent  types,  505. 
Petalodxta  HasHngsicB,  600. 
Petrefkction,  861,  477. 
Petrography,  list  of  treatises 

on.  88,  note. 
Petrology,  150. 
Phacops  apiCM/atut,  537. 

caudatus,  560. 

Phillips,  Professor,  cm  alter- 


Plants,   oanserratiTe 
on  land  surface,  3S1. 

reproductive^  aetios  of 

plants,  382. 

likely  to  beocme  fossils, 


494. 

ant-formatioiia,  382. 
PZdIyprtiMW  l<rru,  509. 
Platrtpcks.  how  det«nniDed. 

95. 
Plaiymmvh^triaUu,  606. 
Playfair  on  the  vegetable  sofl 

as  a  proof  of  tlw  coostam 

destruction  of  the  rock,  454, 

note. 
Pleslomorphism,  46. 
PleuTophortu  oc^UUua,  607. 
Pleurorkynxkut      HiJbermiou, 

598. 
Plturo$temon  ovaha^  644. 
PleuTotcma  colon,  681. 
PleurxAamaria  An^^ka,  637. 

<up«ra,  563. 

eUmgata^  630. 

omata,  629. 

reficiOola,  640. 

PliofOuUt  wctinoidu,  6S7. 
Pliocene  Period,  696. 
Pliocene    beds,   subdivisioDS 

of,  606. 

of  Antwnp,  700l 

Italv,  700. 

Russia,  70a 

Sicily,  70a 

Po,  rate  at  which  the  surfiK* 
*of  its  basin  is  lowered  by. 

427. 
PcBcUoduM  JoNttU,  600. 
Polar  carbcmiferous    fossila, 

510. 
Polianite,  64. 
Polycjrstbue,  sandstone  ooo- 

poeed  of,  384,  noU. 
Polyhydric  bases,  25. 
Poljrmorphism,  47. 
Porcupine  expedition,  resolts 

of,  482. 
Porphyrite,  111. 
Porphyrite-tuff,  117. 
Porphyritic  texture,  M. 

granite,  121, 

Portland  OoUtea,  630. 

Stone,  641. 

Beds,      characteristic 

fossils  of,  64L 
Portrush,  section  of  Tolcanic 

neck  near,  271. 
Poet-Tertiary  stiata,  70L 
Pototone.  83,  143. 
Prehnite,  86. 
Prestwich    on   Gnywe^ers, 

676. 
on  Eocene    rocks    of 

Prance  and  Belgium,  634. 
on  antiquity  of  man. 


738. 

Primitive  rocks  defined,  S19. 
ProduUa  horrSdct,  607. 

$tmireHcul<Ua,  697. 

Protatter  MUtoni,  56S. 
P»ammodu$  pcrotutf  600. 
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PmudoerinUeBquadri/tudahUf 
650. 

PseudcMrrjatalline  sandstone, 
127. 

Pseudo-igneons  rocks  pro- 
duced by  metamorphiism, 
360. 

Pseudomorphic  metamoiph- 
ism,  861. 

Pseudomorphs,  61. 

Paeudomorphs  of  anhydrite, 
67. 

augite,  75. 

calcic  fluorides,  66. 

calcite,  71. 

chulyblte,  71. 

■  chlorite,  85. 

dolomite,  71. 

gypsum,  67. 

leucite,  28. 

oxides  of  iron,  64. 

mica,  80. 

nepheline,  78. 

quartz,  62. 

pyrites,  66. 

serpentine,  84. 

sulphate  of  barinm,  67. 

steatite,  88. 

talc,  83. 

PUrichthys  laitu,  669. 

Pttrinea  retrojlem,  652. 

Pterophyllum  eomptum,  681. 

Pumice,  102. 

Parbeck  beds,  642. 

Purpura  tetragona.  698.  , 

Purpuroidea  Morru»ii,  681. 

Pay  de  Ddme,  extinct  vol- 
canoes of,  864. 


QuANTiVALBVCB    of    Simple 

bodies,  11. 
Quarrying,  art  of,  180. 
Quartz,  59. 
crystals,  eridence  of 

growth  in,  61. 

perimorphs  of,  61. 


Quartz-rock  or  quartzite,  189. 


Raasat,  Isle  of,  basalt  reins 

in  Cambrian  conglomerates, 

268. 
Radicles,  definition  of,  9. 
Rain  action,  393. 
Raised    beaches,    881,    717, 

740. 
Rake  veins  of   Derbyshire, 

293. 
Ramsay,  Professor  A.  0.,  on 

coincidence  of  foliation  and 

cleavage  in  North  Wales, 

229. 
sketch  €f  Craig  das 

Eithan,  Wales,  256. 

on   plain   of  marine 


denudation,  434,  note. 

on   lake-basins,   460, 


468. 


on  the  red  oolorlsation 
of  certain  formations,  667. 


Ramsay,  Professor  A.  C,  on 
former  glacial  periods, 
727. 

Randanite,  61. 

Raphilite,  74. 

Rastritet  pertarinus,  684. 

Recent  period,  741. 

Red  colorisation  of  forma- 
tions, 667. 

Red  ci^,  698. 

Reindeer,  704,  706,  781. 

Retinite.  110. 

Rha:tic  beds,  618. 

Rhenish  Prussia,  Devonian 
rocks  of,  665. 

Rhine,  amount  (^  sediment 
in,  424. 

delta  of,  408. 

gravel   moving  along 

bottom  of,  426. 

channel    of,    cut   in 


solid  rock,  467. 
Kkixodus  Portlockii,  600. 
Rhynchondia  corunnna,  631. 

CuvieH,  661. 

GibbHi,  656. 

inconstan*,  640. 

nucula,  662. 

p2eurodon,  586. 

rimoM,  626. 

mnnosa,  629. 

Ripidolite,  84. 
Ripple-marks,  162. 
River-action,  397,  428. 
River-alluvia,   ancient,  with 

traces  of  early  man,  731, 

782. 
River-sediments,  various,  es- 
timated by  wd^t,  423. 
River-valleys  of  the  south  of 

Ireland.  452. 
Rivers,  beds   of,   dependent 

for  their  form  on  nature  of 

rocks,  398. 
transporting  power  o^ 

899. 
— — —  transport  of  detritus 

by,  401,  422-429. 
Rivers,   reproductive  eflbcts 

of,  40S. 

terraces,  402. 

deltas,  402. 


Roches  moutowUeSf  409. 
Rock-crystal,  69. 
Rock-forming  minerals,  lists 

of,  62. 
Rock-salt,  56, 186,  816,  611. 
Rocks,  classification  of,  88. 

determination  of,  94. 

expansion  and  oontrac- 

tion  of,  856. 

nndeigronnd  changes 


efllMrted  upon,  866. 
Rogers,  Professor  H.  D.,  on 

reversed  f^ult,  214. 
on  Carboniferous  rocks 

of  United  States,  602. 
RoeUUaria  earinata,  667. 

rimoea,  681. 

Rottenstone,  184,  878. 
RubingUmmer,  68. 


Russia,   Permian    rocks   of, 

610. 
Pliocene  of,  700. 


Saocharoid,     or      statuary 

marble,  140. 
Saaertaria  BailyanOt  674. 
Salisbury  Crags,  Edinburgh, 

sketch  of,  257. 
Salts  defined,  28. 
molecular  constitution 

of,  28. 

in  sea  water,  percent- 


age of,  411. 
SandhillB  and  dunes,  878. 

of  Australia,  879. 

Sand-rivers  in  Africa,  401. 
Sandstone,  126. 

consolidation  of,  128. 

(distinction  between), 

and  Rritstone,  128. 

•  local  names  for  vari- 


eties of,  129. 
Sardonyx,  60. 
Satin -spar,  67. 
Scandinavia,  denudation  of, 

465. 
Silurian  rocks  of,  642, 

659. 
Soaphite$  equaliSf  661. 
Scapolite,  81. 
Schalstein,  118. 
Schist,  142. 

Schistose  rocks,  142, 149. 
Schori,  82,  142. 
Schorlaceous  schist,  148. 
Seolaria  GanUina,  667. 
Scoria,  106. 
Scotland,  Silurian  rocks  of, 

640  668. 
'-  Old  Red  Sandstone  of, 

668. 
Carboniferous  system 

of,  683. 

Permian  rooks  of.  609. 

supposed         Tnassic 


rocks  of,  613. 

Lias  and  Oolite  of,  646. 

Miocene  leaf-beds  and 


volcanic  rocks  of,  687. 

Glacial  drift  of,  703. 

Raised  beaches  of,  331. 


Sea,  as  a   sreolugical  agent. 

410 ;  see  also  Ocean. 
chemical  composition 

of  water  of,  410. 

receptacle  for  debris 


of  land,  417. 

Sea-caves,  old,  880. 

Sea-level   essentially  invari- 
able, 828. 

Sections,  geological,  751. 

should  be  drawn  only 


on  a  true  scale,  449. 

Sedgwick,  Rev.  Professor,  on 
cleavage,  222. 

term  "  foliation "  pro- 
posed by,  142,  225. 

term  "strike**  intro- 


duced by,  186. 
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Sedgwick,  Rev.  Professor,  on 

Mayhill  sandstone,  546. 
grouping   of  Silurisn 

rocks  of  Cumberland,  by, 

567. 
Sediment,  amount  of,  carried 

by  rivers  into  the  sea,  401. 
Sedimentary  rocks,  92. 
Selenite,  67. 
Selwyn,    Mr.,    on   the   gold 

reefs  of  Australia,  304. 
Senft,    definition    of    mela- 

phyre,  114;  cited,  288. 
Septarian  nodules,  812. 
Serpentine,  83,  132, 141, 142. 
Shale,  130. 
Shanklin  sand,  654. 
Sharpe,  Mr.  D.,  on  cleaTage 

in  Cornwall,  222. 
Shell-raaii,  131. 
Shells  of  decreasing  tempera- 
ture in  atmosphere,  481. 
Shropshire  Cambrian  rocks, 

525. 
Lower  Silurian  rocks 

of,  580. 
Old    Red   Sandstone, 

570. 
SigiUaria  rtni/omUt,  596. 
Silica,  57,  58. 
excess  of,  in  older  trap 

rocks,  288. 
Silicates,  71. 
Siliceous  limestone,  132. 
Siliceous  and  basic  lavas,  349. 

de^sits,  384. 

Silicon,    its    abundance    in 

rocks,  58. 
Silurian  Period,  530. 

Lower,  580. 

probable  middle  sone, 

544. 
—  Upper,  544. 

volcanic  rocks,  660. 

Simple  bodies,  & 

qnanti valence  of,  11. 

Sinters,  siliceous,  60,  395. 
Slate,  140. 
Slaty  cleavage,  219. 
Slickensides,    183,  200,  201, 

note. 
Slievenamuck  fsult,  section 

showing,  441. 
denudation  proved  by, 

442. 
Slyne  of  coal,  178, 179  note. 
Smaragdite,  74. 
Snowdon,  section  of,  467. 
Soapstone,  83. 
Soil,  378. 
Solutions,    crystals    formed 

fh)m,  37. 
Solvents,  action  of,  on  crjrs- 

tals,  44. 
Somme,  gravels  of  the,  733. 
Sorby,  Jir.  H.  C,  on  forma- 
tion of  crystals  in  rocks, 

867. 

■  on  the  pressure  under 

which  granite  was  formed. 

368. 


INDEX. 


Sorby,  Mr.  EL  C. ,  machine  by, 
for  producing  oblique  lami- 
nation, 161,  note. 

on    "current-marks" 

in  mica-schist,  164. 

on  slaty  cleavage,  223. 


Spathic  iron,  70. 

Species,  destruction  of,  484. 

duration  of,  504. 

geographical  distribu- 
tion of,  in  past  time,  498. 
origin   of,    486,   487, 


489. 


recent  and  fossil,  re- 
lated in  the  same  biological 
province,  508. 

sudden    introduction 


of,  a  mistake,  506. 
Specific  centres,  487. 
as  affected  by  geologi- 
cal change,  492. 
Specific  gravity  of  the  earth, 

322, 
Specular  iron,  63. 
Speeton  clay,  665. 
Sphanu  oorntgata,  666. 
Sphceronitet  Litchii,  637. 
Spinel,  62. 
Spiriftra  etupidota,  686. 

pli4xUeUa,  549. 

striata,  697. 

WaUeottli,  626. 

Sporadic   origin  of  species, 

487,  489. 
St.  Csssian  beds,  62a 
St  Helen's  sands,  680. 
St  Paul,  volcanic  island  of, 

362. 
Staflk,    curved  dolerite    co- 
lumns in,  274. 
alternation  of  beds  of 

basaH  in,  277. 
Staffordshire,  curved  columns 

in    dolerite,     Pouk    Hill 

Quarry,  269. 

North,  coalfield,  680. 

South,  coal  altered  by 

trap,  in,  262. 
Stalactites,  69,  132,  394. 
Stalagmites,  69,  132,  394. 
Steatite,  88. 
Stevenson,  Mr.  Thomas,   on 

sediment  deposited  at  Lyb- 

ster,  Caithness,  425. 
StigmariaftcoideSf  696. 
Stilpnosiderite,  63. 
Stinkstein,  133. 
Stone-Age,  729. 
Stonesfleld  Oolite,  mammalia 

in,  506. 
Strata,  definition  of,  150. 
Stratification,  planes  of,  151. 
Stratigraphical  geology,  613. 
Stream  works,  306. 
Striffi  formed  by  ice,  408. 
obliterated  by  denuda^ 

tion,  434. 
Stricklandinia  lens,  546. 
Strike  of  beds,  186. 
Stringoeephalus  Burtini,  663. 
Strontianite,  69. 


StromatoporaplaemtatidL 
Strombus  Bartonenti*^  6SL 
Stropkamena  deprcsso,  &t9. 

euglmhOy  549. 

Structure  at  rocks,  9^  W. 
Sublimation,  how  crystals  srr 

formed  by,  40. 
Submerged  forests,  S33,  740. 
Submergence  of  land,  proufs 

of,  832. 

in  glacial  period,  7ST. 

Subterranean  rireis  in  chalk 

strata,  458. 
Sulphates,  66. 
Sulphides,  19,  64. 
Sulphur  c^  iron,  66. 
Sulphur  adds  and  salts,  SL 
its      oecarresiee     ia 

rocks,  56. 

its  aqneons  origin,  SL 


Sulphuric  acid  in  water,  65. 

Surface  agencies,  S75. 
Surface    of    land,    changes 

effected  by  eartbqoakes  on, 

842. 
carved  oat  by  dennda- 

tion,  450. 
Surveying,  geological,  749. 
Sweden,  depression  (^,  SSi. 
"  Swells'*  in  coal  beds,  1«3. 
Switzerland,  Jurassic  eairs 

of,  646. 
Cretaceous    rocks  ot 

667. 

Eocene  rocks  oi;  6S4 

Glacial  pbenomena  c£, 

lake-dwellings  tit,  TS& 

Miocene  flora  o^  6^ 

Syenite,  124, 146. 

Syenitio  granite,  124. 

Symbols  in  chemistTy,  12. 

of  elementaiy  bodies, 

17. 

Symmetry,  law  of,  in  crys- 
tals, 85. 

Synclinal  cnrres.  192. 

Synodadia  virfpuaoeat  Cfff. 

Synopses  of  Vegetable  and 
Animal  Kingdom,  Appen- 
dix IL 

Synoptical  Table  of  British 
Sedimentary  Rocks,  5J0. 


720. 


Tablb-lanxm,  origin  cf,  464. 
Tachylite,     different      ttoei 

pitchstone,  266. 
Talc,  83. 
Talc-schist,  148. 
Tarannon  shal^  648.  ^ 
Tamowitsite,  69. 
Temperature,  internal,  ol*  the 
earth,  321. 

mines    anJ 

822. 

of     the    atmosphere, 


r""rTT-  of   deep 
Blls, 


wei 


481. 

of  the  ocean,  482. 

TennecKinus  ejocamUus,  d97. 
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*reBerIffe»  Peak  of,  85L 
TBTtbratula  biplicata,  658. 

canua,  662. 

' digona,  dSl. 

grandUf  697. 

fuutaiOy  597. 

intermedia,  683. 

numiamalis,  626. 

«e«a,666. 

'vulgaris,  619. 

Terebratulina  etrUUuJa,  677. 
Tetraxial  forms  of  ciyBtals, 

30. 
Texture  of  rocks,  98,  98. 
Thanet  beds,  674. 
TlueoemiliaannuUxrii,  688. 
Tbenardite,  66. 
Thermal  spring,  895. 
Thomson,  Sir  William,  on  the 

rigidity  of  the  interior  of 

the  earth,  825. 
Thorosonite,  S6. 
Thracia  depreeaa,  640. 
Tllestones,  554. 
Tin  ore,  occurrence  of,  803. 
Toadstones    of    Derbyshire, 

598. 
Tourmaline,  82, 148. 
Trachy-dolerite,  108. 
Trachyte,  100,  356. 
Trade-winds  explained,  488. 
**  Transition  rocks'*  defined, 

519,  note. 
Tranf^rt    of     detritus    by 

rivers,  401. 
Trap-dykes,  268,  289  note. 

■ of  Britain,  265. 

of  Tertiary  age,  266, 

287. 


not    coincident  with 
fanlU,  266. 

and  veins,  lithological 


characters  of,  266. 

sometimes  compound. 


267. 


varieties  of  structure 
in,  267. 

frequently   columnar. 


267. 


alteration  of  contigu- 
ous rocks  by,  268. 

new  minerals  formed 


by,  268. 
their 


association  with 
granite  and  syenite  in  Ar- 
ran,  Skye,  and  Mull,  289. 

Trai>-rocks  viewed  as  rock- 
masses,  251. 

modes  of   study    of, 

251. 

intrusive  and  inter- 
bedded,      definitions      of 


Trap-rocks,  their  llithological 
character,  258. 

alteration  of  stratified 


rocks  by,  261. 

interbedded,  272. 

structure  of  "flows" 


of,  278. 

relation  of  interbedded 

to  the  overlying  rocks,  275. 
cracks   in,   filled    up 


with  sandstone,  276. 

concretions  in,  816. 

hill-ranges  of,  278. 

plateaux  of,  278. 

of  Britain,  geological 


sequence  of,  286. 

diff^nce  in  character 


of  older  and  newer,  288. 
table  of  stratigraphi- 


cal  distribution  of,  288. 
Trap-tuff,  116. 
litiiological    varieties 

of,  27a 
associated   only  with 

interbedded     trap  -  rocks, 

278. 
agree     in     character 

with  contiguous  trap-rocks. 

279. 

sedimentaiy  detritus 


often  mixed  with,  279,  283. 

stratified,  280. 

occasionally  fossQifer- 


ous,  283. 

passes  into  other  sedi- 


mentary rocks,  283. 

never     passes     into 

crystalline  trap,  283. 

metamorphic    altera- 


tion of,  284. 
Trappean-conglomerate,  119. 
— —  breccia,  119. 
— — —  agglomerate,  119. 
^^—  sandstones,  128. 

rocks,  107, 147,  251. 

necks,  270. 

Trass,  106. 
Travertine,  182,  894. 
Tremadoc  slatM,  538. 
Tremolite.  74. 
Triassic  period,  611. 
Triaxial  forms  of  crystals,  80. 
Trigonia  davelkUOf  638. 

• gihbosa,  641. 

lOoldJvMii,  631. 

incurva,  641. 


terms,  258. 
intrusive 


or    subse- 


quent, 254. 

arystalline,  254. 

in  amorphous  masses. 


255. 


In  sheets,  257. 

t«8t  of  intrusion  of, 

257. 


TrinucUusJitiAriatue,  534. 
Trochocyaihua  contUue,  657. 
Tschermak  on  felspars,  75. 
on  tremolite  and  au- 

gite,  74. 
Tuff,  116. 
neck   filled   with,  at 

Dunbar,  271. 
TurrUUee  costatue,  661. 
Twin  ervstals,  42. 
Tylor,  A.,  on  true  measure 

of  denudation,  422. 
Tyndall    on     crevasses     in 

glacien,  200. 
on  cleavage,  228. 


U  vooNTOBMABiLiTT  aud  Over- 
lap, 231. 

money  wasted  by  ne- 
glect of,  236. 

practical    importance 


of,  236. 

between   Upper    and 


Lower  Silurian,  544. 

Underground  water,  chemical 
action  of.  893. 

mechanical       action, 

396. 

Unidinal  curves,  195. 

Unio  MantMii,  652. 

United  States  (see  America). 

Upheaval  of  land,  slow  move- 
ments of,  829. 

proofs  of,  880. 

Uralite,  74. 


Vallitb,  origin  of,  443,  450. 

in  chalk  and  limestone 

districts,  457. 

Van  Diemen's  Land,  teesel- 
ated  pavement  in,  185. 

Vegetable  Kingdom,  table  of. 
Appendix  II. 

Veins,  minerals  in,  291. 

arrangement  of  miner- 
als in,  295. 
■     intersection  of,  296. 
formation  of  mineral. 


870. 


mineral,     connection 
with  the  surface,  378. 

mineral,      successive 


formation  of,  873. 
Vein-quarts,  139. 

air  bubbles  in,  61. 

Vemicularia     Bognorien»i$, 

676. 
Vertical    botanical    regions, 

479. 
Vesuvius.  358. 
cdected  block  in  old 

tuff  of,  282. 
Volcanic  glass,  102. 

ash,  106. 

bombs,  106. 

agglomerate,  106, 119. 

conglomerate,  106, 119. 

breccia,  106,  119. 

rts,  128. 
action  in  Scotland 
occurred  along  the  valleys, 
287. 

no  prooft  of  diminution 

of  intensity  in,  287. 

uniformity  of,  289. 

metamorphism  associ- 


ated with,  289. 

eventual  extinction  of 


all,  355. 

at  the  present  day,  744. 


Volcanic   rooks   of   Silurian 
period  in  Britain,  560. 

of   Devonian   age    in 

Britain,  565. 

of  Old  Red  Sandstone, 


575. 
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Voloanio  rooks  of  OftrbonlfBr- 

OUB  system,  593. 
—  of  PermUn  age,  610. 

Miocene  age,  Wl. 

in   Miocoie  series  of 

Britain,  689. 
Volcanoee.  stmctnre  of,  845. 

products  of,  846. 

of     oommon     (Higin, 


849. 

examples  of,  861. 

active,  dormant, 

extinct,  85S. 
geographio 


and 


distriba- 


tion  of,  864,  74S. 
Vulpanite.  66. 
Voluta  LamberH,  697. 

luckttrix,  681. 

scabricuia,  681. 

WeihereUii^  6n. 


Wackk,  115. 

Wales,  denudation  of,  467. 

Cambrian  rocks  of,  525. 


Wales,  Lower  Silurian  rocks 
of,  530. 

tntbX  section  of  coal- 
576. 
Water  as  a  geological  agent, 

391. 
Water-of- Ayr  stone,  an  altered 

shale,  961. 
Wealden  area,  denudation  of, 

456). 

bedB,«5S. 

Weathering  of  crystals,  45. 

of  rocks,  876. 

influence     of,     uiwn 

mountain  outlines,  478. 
Wenlock  Edge,  section  across, 

545. 

group,  54& 

Wemente,  81. 
White  trap,  S60. 
Wilson.  Mr.  J.   M.,  on  con- 
tortion, compression,  and 

ftiults,  858,  859. 
Wltherite,  69. 
Wood  opal,  60. 


Woolhope  Tslley,  545. 

limestone,  548. 

Woolwich  and  Beading  Sera 
675. 


Talk   and  B^    ftoU,  i^ 

note. 
Yellow  RiTer,  earth  cutm 

daily  into  the  sea  by,  441 
Yoredale  series,  583. 
Yorkshire  coal-measnres,  ^ 
Oolites  of,  634. 


ZeoUtes,  85,86. 

Zinc,  mode  <tf  ctystallisit.^ 

of,  88. 
Zircon,  81. 
Ziri^  on  basalt.  104. 

melaphyre,  114. 

Zoi8ite,81. 

Zones  of  crystals,  25. 

of  life  in  sea.  480. 
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